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Description 



TECHNICAL FIELD 

5 [0001] The present invention relates to a novel furoisoquinoline derivative which has a phosphodiesterase (PDE) IV- 
^ inhibiting effect and which is useful as a prophylactic or therapeutic agent against the inflammatory diseases, for ex- 
\^ ample, bronchial asthma, chronic obstructive pulmonary disease (COPD), rheumatoid arthritis, autoimmune disease, 
^' diabetes and the like and process for producing the same and use thereof. 

10 BACKGROUND ART 

[0002}«' lt*is*^known^ir^ these^^ays* that'd^lafge^nymben^of - hoimones'»and' neuroti^smsmittefS' fur«stiomta^Grease^}r^^^ 
decrease the intracellular level of cyclic adenosine-3\5*-monophosphate (cAMP) which is an intracellular second mes- 
senger, whereby regulating the cellular functions. The intfBcellular cAMP level is regulated by synthesizing and deg- 

is radating enzymes. Thus, cAMP is produced by adenyl cyclases and degradated by phosphodiesterase (PDE), These 
degradating enzymes also regulate the degradation of cyclic guanosine^',6'-monophosphate. 
[0003] Seven isozymes of the PDE have been found so far [Physiological Reviews, Vol,75, p725 (1 995). Endocrine 
Reviews, Vol.16, p370, (1 995)], and each functions, in various cells such as those in central nervous system, cinjulatory 
organs, respiratory organs, digestive organs, genital organs, blood cells and tracheal smooth muscles, to regulate 

20 intracellular cAM P and cGMP levels, whereby controlling the cellular functions. It is also known that in an inflammatory 
cell such as an eosinophile, neutrophiie, monocyte, T-lymphocyte and macrophage a PDE isozyme referred to as PDE 
type-IV exists predominantly [Clinfcal and Experimental Allergy, Vol.22, p337 (1992)]. 

[0004] Phamnaceuticals, which can broadly be classified Into three groups, are employed as therapeutic agents 
against a bronchial asthma. Thus, the three types including bronchodilators (for example, p-adrenaline receptor ago- 

25 nists), antiinflammatory agents (for example, corticosteroids) and xanthine derivatives having both of the bronchodi- 
lating effect and antiinflammatory effect (for example, theophylline) are employed. Among these, theophylline has been 
employed as a therapeutic agent against asthma for a long time. Theophylline is becoming more interesting in these 
days since its bronchodilating effect has been found to be derived from a PDE-inhibiting effect. However, theophylline 
is a non-selective PDE inhibitor and sometimes exhibits a cardiovascular side effect. Then, its blood level should strictly 

30 be controlled to reduce the side effect. Accordingly, a medicament for treating an inflammatory disease such as asthma 
whfch inhibits the PDE type-VI selectively and which has no effects on other isozymes of the PDE is desired. 
[0005] A study indicating a possibility that a PDE type-IV-selective inhibitor is an effective therapeutic agent against 
an inflammatory disease such as asthma was reported [Pulmonary Phannacology, Vol,7, pi (1994)]. Thus, it was 
suggested that a PDE type-IV-selective inhibitor has the both of an antiinflammatory effect and a bronchodilating effect 

35 and may exhibit a therapeutic effect on an inflammatory disease such as asthma. In fact, compounds having inhibitory 
effects selectively on the PDE type-IV are subjected currently to an extensive development aH over the world. For 
example, rolipram (JP-A-50-1 57360) having the stmcture represented by Fomiula: 



and SB 207499 [The Journal of Pharmacology and Experimental Therapeutics, Vol.287. p988 (1 998), Joumal of Me- 
dicinal Chemistry, Vol.41 , p821 (1998)] represented by Formula: 



40 




45 



55 
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10 



CH,0 



CN 



COOH 



IS 



10006] On the other hand, a method for synthesizing a compound represented by Formula: 



20 



25 




Is disclosed in Indian Journal of Chemistry, Section B, Vol.31 B, p578 (1992). 
[0007] Moreover, an antibacterial compound represented by Formula: 



30 



35 



40 



45 




SO 



is also disclosed in Indian Joumal of Chemistry, Section B, Vol 33B p552 (1994) 

SJJL^-^''^?.^ ^^^^^''^ ^^-^^ ^"^'^''^^ ^ ^l^^'^^' structure is expected to have a su^fici^nt 

Zl'^H T^' h'T""' ' ^'"9" "'^^^^^^ accompanied with inflammations, and is desirt Hot; 

ShE .fT! heterocyclic compounds which have selective PDE iyL>L-l 

Tff^^^^^^^^ ^^'^ "'^^^^y bronchodilating and antiinflar.^.;; 

enects and which is also excellent in terms of the safety. 

SUMMARY OF THE INVENTION 

,h^^ ""T ^ k!''"" ^"^ ""^"y successful for the first time in synthesizing a novel furoisoquinolin^. ci- 
nvative (hereinafter abbreviated somelimes as Compound (I)) having a partial structure represented by Fom^uL: 
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(wherein each of Ring A, Ring B and Ring C may have substituents, especially a novel furoisoquinoline derivative 
(hereinafter abbreviated sometimes as Compound (I*)) 

whose significant chemical structural characteristics are the substituents introduced in the 1-, 2-. 3-. 4-, 5-. 6-, 8-. 
9-posltions etc. on the furoisoqulnonne backbone, represented by Fonnula: 



10 



15 




(wherein Is a hydrogen atom, optionally substituted hydrocarbon group, optionally substituted heterocyclic group 
or optionally substituted amino group, each of R2 and Is a hydrogen atom, optionally substituted hydrocarbon group 

20 or acyl group, and R2 and R^ may be taken together with the adjacent cartwn atom to fonm an optionally substituted 

" . ^ 3- to 8-membered ring, R^ is a hydrogen atom, cyano group, optionally substituted hydrocari^on group, acyl group or 
optionally substituted hydroxy group. RS Is (1) a hydrogen atom, (2) an optionally substituted hydrocarbon group, (3) 
an acyl group, (4) an optionally substituted heterocyclic group of (5) a halogen atom, each of R6 and R^ is a hydrogen 
atom or optionally substituted hydrocari:>on group, and R^ and R^ are taken together with the adjacent cartoon atom to 

25 form an optionally substituted 3- to 8-membered ring, each of R® and R^ is a hydrogen atom or optionally substituted 
hydrocari3on group, X is a bond, oxygen atom, optionally oxidized sulfur atom or optionally substituted nitrogen atom, 
Y is an optionally substituted methylene group or carisonyl group and n is 0 to 1), or a salt, prodrug or hydrate thereof, 
and discovered that such a compound has, on the basis of its specific chemical structure, an unexpectedly excellent 
phosphodiesterase (PDE) IV-inhibiting effect, and can be used as a prophylactic or therapeutic agent against an in- 

30 f lammation-induced disease, for example, bronchial asthma, chronic obstructive pulmonary disease (COPD), rtieuma- 
toid arthritis, autoimmune disease, diabetes and the like. We made a further effort based on these findings, and finally 
. . established the present invention. 
[0010] TThus, the invention provides: 

35 [1 ] a compound having a partial structure represented by 

Formula: 



40 



45 > (A) 




or its salt, 

[2] the compound according to the above-mentioned [1] represented by 
Formula: 



50 
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P3 f ^"'^ ^ hydrogen atom, optionally substituted hydrocarbon group or acyl qroup and R2 and 
stitute^Cxy™^^^^^^^ 

substSi~;o^^^^^^^^^^ 

i.n.^^'^ ?! ?^ * •'y^'rogen ato"" or optionally substituted hydrocartjon group, and R« and are taken 

together with the adjacent cart,on atom to fom, an optionally substituted 3- to 8-membered ring ' 

each of R» and R9 IS a hydrogen atom or optionally substituted hydrocaibon group 

X |s a bond, oxygen atom, optionally oxidized sulfur atom or optionalV substituted Nitrogen atom. 

Y IS an optionally substituted methylene group or carbonyl group 

andnlsOtol). 

llcin'^!'"^"'* '° above-mentioned (2] wherein each of R2 and R3 is a hydrogen atom optlonallv 

substituted hydrocarbon group or acyl group. R2 and R3 are taken together with the adjacent cair^m 

sul,sMuted hydrocait^on group, each of R6 and is a 

htmSLzs:Ti:?e?hT^ 

nonuwyclic group, Y is methylene group which may have a hydroxy group or carbonyl group 
[4] the compound according to the above-mentioned [2J wherein: 

R' is any of the following (i) to (iii): 

(i) a C,^ alkyi group. Cj.s alkenyl group, C2.6 alkynyl group. Cg^ cycloalkyi group. C^. cycloalkenyl qiouo 
^'^"^ "^^ ' »° 5 substituent{s) selt^tii from the gmup 

(hereinafter referred to as Substituent Group A) consisting of (l)ahalogen atom. (2)aC^ 

riae'dT'ZnJJlrT^^^^^ 

?f! ^5^-* ^" optionally hatogenated Cj^ alkynyl group. (8) a C„ cycloalkvl 

^ZllSt Zo r ^ ^ '^y'^""^ 9~"P. (13) an amino group. (14) a mono-C,^ alkyLnino 

group. (15) a mono-Ce.,^ arylamino group. (16 a di-C,^ alkylamino group. (17) a di-c'T. arvlamino 
group. ( 8) an acyl group selected from fomiyl, carboxy. 'carbamoyl. C," all^iarLny^ « 
carbonyl. C,^ alkoxy-carbonyl. 0^.,, aiyl..a,bonyl. C,.,, aralkyl-carbon^yl. C,,^ZZ^^nTT 
fsS^7:r°"'i "^^--''-^'^ '^^'--V<='^ ^-ln^9. addition to^^ln^ato^rs h^e^^oJoln' 
ia*™i r 7"! atomsXarbonyl. mono-C,^ alkyl-ca*amoyl. di-C,^ alkyT 

to 3 h^^^' f 'y'f^*^^^' <5- or ennembered heterocycle having, in addition to <irt>on atoms 1 
1 ^ZTft- r , r ^'^ ""^^^ «to'"s)-carbamoyl. C,^ alkyl-thiocarbonyl 

^ l^r^h^ 7^ '-^ alkoxy-thiocarbonyl. C^,, aryl-thlocarbonyl. C,.,JaralM-thiocarbon5l 

tfon to^Z * .Ti -ralkyloxy-thiocarbonyl. (5- or 6-membered he7e.^le having, in addi^ 

rr^eS'r?°''''^.^?'*"''°^*^°^' «"^*'ocarbamoy.. C," aryl-thio^rbamoyl. (5- 

trLfr ct,r ''^""'a- t° '^^'bo" ^toms. 1 to 3 heteroatom(s) selected from ni- 

tr^en sulfur and oxygen atoms)4hiocart,amoyl, mono-C,^ alkylsulfamoyl. di-C,^ alkylsulfamoyi C 
aoflsulfamoyl. C,^ alkylsulfonyl. arylsulfonyl. C,^ alkylsulfinyl. Ce.,, arylsumnyl.linnrsX C " 
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alkoxysulfinyl, 05.^4 aryloxysulfinyl, Ci^alkoxysulfonyl and aryloxysulfonyl, (1 9) an acylamino group 
selected from formylamino, C^^ alkyl-carboxamido, C6-14 aryl-carboxamido, C^e alkoxy-caiboxamido, 
alkylsulfonylamino and C^^^ arylsulfonylamino, (20) an acyloxy group selected from C^^ alkyl-car- 
bonyloxy. aryl-carbonyloxy. C^^ alkoxy-carbonyloxy. mono-C^^ alkyl-carbamoyloxy. di-C^^ alkyl- 
carbamoyloxy, aryl-carbamoyloxy and nicotinoyloxy, (21) a 4- to 14-membered heterocyclic group 
having, in addition to carbon atoms, 1 to 4 heteroatom(s) selected from nitrogen, sulfur and oxygen atoms, 
f (22) a phosphono group, (23) a Cq,^j^ aryloxy group, (24) a di-Ci.6 alkoxy-phosphoryt group, (25) a C6.u 
aiylthfo group, (26) a hydrazine group. (27) an Imino group, (28) an 0x0 group, (29) an ureido group, (30) 
a C^^ alkyl-ureido group, (31) a di-C^^-alkyl-ureido group, (32) an oxide group and (33) a group formed 
by binding 2 or 3 groups selected from (1) to (32) listed above, 

(ii) a 5- to 14-membered heterocyclrc group having, in addition to carbon atoms, 1 to 4 heteroatom(s) 
selected fronr-^nitrGgeRj Stitfuf and^xyge^ 

Substituent Group A described above, 

(iii) an amino group which may have 1 or 2 substituent(s) selected from the following (la) to (ilia): 
(ia) a hydrogen atom, 

(lia) a C^^ alkyl group. Cg^ alkenyl group. alkynyl group, cyctoalkyi group, cycloalkenyl 
group, 05.^4 aryl group or Cj,^q aralkyi group which may have 1 to 5 subslituent(s) selected from 
Substituent Group A described above, 

(iiia) an acyl group selected from fomriyl, carboxy, carisamoyi, C^,q alkyl-carbonyl, Cy^ cycloalkyl- 
carbonyl, C^^ alkoxy-carbonyl, Cq.^^ aiyl-carbonyl, Cy.^e aralkyl-carbonyl, Cq.^^ aryloxy-cartDonyl, 
C7_|6 aralkyloxy-cartwnyl, (5- or 6-membered heterocycle having, in addition to carbon atoms, 1 to 3 
heteroatom(s) selected from nitrogen, sulfur and oxygen atoms)-carbonyl, mono-C^^ alkyl-car- 
bamoyl, di-C^^ alkyl cartDamoyf, Cq.^^ aryl-cari^amoyl, (5- or 6-membered heterocycle having, in ad- 
dition to cartaon atoms, 1 to 3 heteroatom(s) selected from nitrogen, sulfur and oxygen atoms)-car- 
bamoyl, alkyl-thiocarbonyl, cycloalkyi-thiocarbonyl, C^^ alkoxy-thiocarbonyl, C^^^ aryl-thi- 
ocarbonyl, Cy.^g aralkyl-thiocarbonyl, 05.14 aiyloxy-thiocarbonyl, aralkyloxy-thiocarbonyl, (5- or 
6-membered heterocycle having, in additton to carbon atoms, 1 to 3 heteroatom(s) selected from 
nitrogen, sulfur and oxygen atoms)-thiocarbonyl, thiocarbamoyi, mono-C^_6 alkyl-thiocariDamoyI, 
di-C^^ alkyl-thiocartDamoyI, Cg-i^ aryl-thiocart)amoy}, (5- or 6-membered heterocycle having, in ad- 
dition to carbon atoms, 1 to 3 heteroatom(s) selected from nitrogen, sulfur and oxygen atoms)-thio- 
carbamoyl. mono-Ci^ alkyisulfamoyi, di-C^^ alkylsulfamoyi, C^^4 arylsulfamoyi, C^.^ alkylsulfonyl, 
Cs-u arylsulfonyl, C^^ alkylsulfinyl, Cg.u arylsulfinyl, sulfino, sulfo, C^^ alkoxysulfinyl, Cq,^^ ary- 
toxysulfinyl, C1.6 alkoxysulfonyl and C^^^^ aryloxysulfonyl, which may have 1 to 5 substituent(s) se- 
lected from Substituent Group A described above; 

each of and Is any of the following (i) to (iii): 

(I) a hydrogen atom, 

(ii) a C^^ alkyl group, Cg^ alkenyl group, Cg^^ alkynyl group, cycloalkyi group, cycloalkenyl 
group, 06.^4 aryl group or Cy.^g aralkyi group whfch may have 1 to 5 substituent(s) selected from Substit- 
uent Group A described above, 

(iii) an acyl group selected from formyl, carboxy, cart^amoyl, C^^ alkyl-carbonyl, C3.6 cycloalkyi -cart onyl, 
C^^ alkoxy-carbonyl, Cq,^^ aryl-cartjonyl, 67.^6 aralkyl-carbonyl, Cg-u aryloxy-carbonyl, Cy.^g aralkyloxy- 
carbonyl, (5- or 6-membered heterocycle having, In addition to cartoon atoms, 1 to 3 heteroatom(s) selected 
from nitrogen, sulfur and oxygen atoms)-carbonyl, mono-C^^ alkyl-carbamoyi, di-C^^ alkyl-carbamoyl, 
^6-14 aryI-cart)amoyl, (5- or 6-membered heterocycle having, in addition to carbon atoms, 1 to 3 heter- 
oatom(s) selected from nitrogen, sulfur and oxygen atoms)-cart5amoyl, C^^ alkyl-thiocarbonyl, C^^ cy- 
cloalkyi-thiocarbonyl, C^^ alkoxy-thiocarbonyl, Cq.^^ aryl-thiocarbonyl, Cy.^^ aralkyi-thiocari^onyi, Cg-u 
aryloxy-thiocarbonyl, Cj.^q aralkyloxy-thiocarbonyl, (5- or 6-membered heterocycle having, in addition to 
carbon atoms, 1 to 3 heteroatom(s) selected from nitrogen, sulfur and oxygen atoms)-thiocarbonyl, thio- 
carbamoyi, mono-C^^ alkyl-thiocaibamoyi, di-C^^ alkyl-thiocari^annoyl, C^,^^ aryl -thiocarbamoyi, (5- or 
6-membered heterocycle having, in addition to cartx>n atoms, 1 to 3 heteroatom(s) selected from nitrogen, 
sulfur and oxygen atoms)-thiocart3amoyl, mono-C^^ alkylsulfamoyi, di-C^^ alkylsulfamoyi, Cg.14 arylsul- 
famoyi, C^^ alkylsulfonyl, Cs.^ arylsulfonyl, C^^ alkylsulfinyl, Cg-u arylsulfinyl. sulfino. sulfo, C^^ alkox- 
ysulfinyl, 06.^4 aryloxysulfinyl, C^^ alkoxysulfonyl and C^^^ aryloxysulfonyl, which «nay have 1 to 5 sub- 
stituent(s) selected from Substituent Group A described above; 
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15 



20 



25 



R2and R3maybetaken together with the adjacent cart>on atomtofomi a C3.8cycloalkane or3-to 8-membered 
heterocyclic nng which may have 1 to 3 sut)stituent(s) selected from C, . alkyl. aiyl C, « aralkvl amino 

aTo:a?K;i:n"r' """^•^'^ -y.a^'no a^^d To^lS^^^^d 

aromatic heterocyclic group; 

\ 

(I) a hydrogen atom, 

(ii) a cyano group, 

(iii) a C,^ alkyl group, Cg^ alkenyl group. Cg^ alkynyl group, Cj^ cycloalkyi group. C-. cycloalkenvl 

r S'-'^^T ^'T^' '^'^ ^"^"^ ' 5 substituent(s) selectl^ from Substtt 
uent Group A descnbed above, 

(i»)^naGy>gno«pseterted*om^fe^^^ 

.V ^^14 anrl-carbonyl. Cy.,^ aralkyl<a*onyl. C^,, a,yloxy-cart,onyl. C,.,6 aralkytoX- 

carbonyl,(5-or6-memberedheterocydehaving. in addition to ca*onatoms.1to3heter;?o5^ 
fmm mtrogen sulfur and oxygen atoms).:art,onyt. mono-C^^ alkyl-cart,amoyl. di-C,^ alkyliarbamoyi 
Ce^,^ aryKarbamoyl. (5- or6-membered heterocycle having, in addition to carbon atoms, 1 to 3 heter- 
rSuh!!^^ 'IT ""T atoms)^amoyl. C,^ alkyl-thiocarbonyl, C^. cy- 
ctoa^kyl-thioca^ony^, C,^ alkoxy-thiocarbonyl. C^,, aryl-thiocarbonyl. C,.,^ aralkyl-thiocarboivl^sT* 
aryloxy-thiocartoonW. C,.,, aralkyloxy-thiocarbonyl. (5- or 6-membered heterocycle having, in add tion to 
cajon atoms. 1 to3 heteroatom(s) selected from nitrogen, sulfur and oxygen atoms)-thiocarbonyl thio- 
TrirbiLTr alM-thiocarbamoyl. di-C,^ alkyI-thioca*amoyl.^,, aryl-thlooarbamoyr 5 or 
6-membered heterocycle having, in addition to carbon atoms. 1 to 3 heteroatom(s) selected from ni^roqen 

r t'"?? '"^"^•^'•^ «"<y'-""«'"oy'. <'i-Ct^ alkylsulfamoyl. Ce.„ aryfsui: 

famoyl. C,^ alkylsulfonyl. C^,, arylsulfonyl. C,^ alkylsulfinyl. C^.,, arylsulfinyl. sulfino. sulfo. c" 2kox- 

^!^T^T^} «"«"V«"''°"y' C6.,4 aryloxysulfonyl. which may have 1 to 5 sub- 
stituent(s) selected from Substituent Group A described above, or, 
(v) a group represented by Formula: -OFl*' 
(R*is 

^ <1 > a hydrogen atom. 

<2> a C,^ alkyl group, C^^ alkenyl group, C2.6 alkynyl group. C3.6 cycloalkyi group. C,^ cycloalkenyl 
group C6.,4 aryl group or Cj.,s aralkyi group which may have 1 to 5 substituent(s) selected from 
Substituent Group A described above, or. 

<3> an acyl group selected from fomiyl. carboxy, carbamoyl. C,^ alkyl-carbonyl, C3, cycloalkyl-car- 
Si ^'l°'^^,'?°"y'- Cs-i* aryl^rbonyl. C^.^^ aralkyl^rbonyl. C^.^ arylo^-carbonyl. C, 
aralkyloxyKartonyl. (5- or 6-membered heterocycle having, in addition to carbon atoms 1 to 3 het- 
eroatom s) selected from nitrogen, sulfur and oxygen atoms)-ca,bonyl. mono-C,^ alkyl^rbamoyl. 
di-C,^ a kylK^artoamoyl. C6.,4 aryl^rbamoyl, (5- or 6-membered heterocycle having, in addition to 
"T' ^ »'e'«^°atom(s) selected from nitrogen, sulfurand oxygen atoms)<5arbamoyl C,^ 
alkyl4h,oca,bonyl..C3^ cydoalkyl-thiocarbonyl. C,^ alkoxy-thiocarbonyl. C^,, aryWhloca*onyt 
C7.,6 aralkyl-thiocarbonyl. Cg.^ aiyioxy-thiocarbonyl. C^.,^ aralkyloxy-thiocartonyl. (5- or 6-meiTi- 
bered heterocycle having, in addition to carbon atoms, 1 to 3 heteroatom(s) selected from nitrogen 
sulfur and oxygen atoms)-thiocarbonyl. thiocarbamoyl. mono-C,^ alkyl-thiocaibamoyl. di-C, . alkyl- 
thiocarbamoyl. Cg.^^ aryl-thiocarbamoyi, (5- or 6-membered heterocycle having, in addition totarbon 
o?^^' heteroatom(s) selected from nitrogen, sulfur and oxygen atoms)-thiocarbamoyl, mo- 
2 alkylsulfamoyl. C^,, arylsulfamoyi, C,^ alkylsulfonyl. C^,, arylsulfo- 

l^X' «^'^"'""y'' s"'fo. C,^ alkoxysulfinyl, C^^ arylox^ulfinyl. C, . 

alkoxysulfonyl and C^,, aryloxysulfonyl. whk:h may have 1 to 5 substituent(s) selected from SubsUt 
uent Group A described above); 

R5 is any of the following (i) to (v): 

(i) a hydrogen atom, 

ai-inn^A"" T^""' ^"^"^ ^'='°«'kyl group, cycloalkenyl 

group. C6.14 aryl group or Cj.,e aralkyi group whfch may have 1 to 5 substituent(s) selected from Substit- 
uent Group A descnTjed above, 

(iii) an acyl group selected from fomiyl. carboxy. carbamoyl. C,^ aikyl^rbonyl. cycloalkyl^arbonyl 
C,^ alkoxy^^arbonyl. aryl^^arbonyl. C^..^ aralkyK^aitoonyl. C^..^ aryloxy^rbonyl. C^..^ arafkyloxy- 
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carbonyt, (5- or 6-membered heterocyde having, in addition to carbon atoms, 1 to 3 heteroatom(s] selected 
from nitrogen, sulfur and oxygen atoms)-carbonyl, mono-C^^ alkyl-carbamoyl, di-Ci^ alkyl-carbamoyi, 
Cg-u 14 aryl-caitamoyl. (5- or 6-menrtbered heterocyde having, in addition to carbon atoms, 1 to 3 het- 
eroatom(s) selededfrom nitrogen, sulfur and oxygen atoms)-carbamoyl, C^^ alkyl-thiocarbonyl. cy- 
cloalkyl-thiocarbonyl, C^^e alkoxy-thiocarbonyl, Cq^^^ aryl-thiocarbonyl, Cy.^g aralkyl-thiocarbonyl, Cq.^^ 
aryloxy-thiocarbonyi, Cy.^jg aralkyloxy-thiocarbonyl, (5- or 6-membered heterocyde having, in addition to 
carbon atoms, 1 to 3 heteroatom(s) selected from nitrogen, sulfur and oxygen atoms)-thiocarbonyl. thio- 
carbamoyl, mono-C^^ alkyl-thiocarbamoyl, di-C^^ alkyl-thlocarbamoyi, Cq.^^ aryl-thiocarbamoyl, (5- or 
e-membered heterocyde having, in addition to carbon atoms. 1 to 3 heteroatom(s) selected from nitrogen, 
sulfur and oxygen atoms)-thiocarbamoyl, mono-C^_e alkylsulfamoyi, di-C^^all<ylsulfamoyl, Cq,^^ aryisul- 
famoyl. C^^ alkylsulfonyl, C^^^ arylsulfonyl, C^.g alley feulfinyl, C^^^ arylsulfinyl, sulfino, sulfo. C^^ alkox- 
ysuHinyl^'G6:^4 aiyloxyscilfinyl; ©|:0all«)xysulfonyt'and''Gg.i4aryloxysutfonyl? which mayhave^t'to-S^b*-- 
stituent(s) selected from Substituent Group A described above, 

(iv) a 5- to 14-membered heterocyclic ring containing 1 to 4 heteroatom(s) selected from nitrogen, sulfur 
and oxygen atoms in addition to carbon atoms which may contain 1 to 5 subsdtuent(s) selected from 
Substituent Group A described above, 
(V) a halogen atom; 

each of and is (i) a hydrogen atom, (ii) a C^^ alkyi group, C2-6 alkenyl group, C2-6 alkynyl group, €3^ 
cycloalky! group, cycloalkenyl group, 0^^^ aryl group or Cy.^e aralkyi group which may have 1 to 5 sub- 
stftuent(s) selected from Substituent Group A described above, 

R6 and P7 may be taken togeth er with the adjacent cariDon atom to f onm a cycbalkane or 3- to 8-membered 
heterocyclic ring which may have 1 to 3 substituent(s) selected from C^^ alkyI, Cg.^^ aryl, Cy.^g aralkyl, amino, 
mono-C^^ alkylamino, mono-Cg.^4 arylamino, di-C^^ alkylamino, di-C5.^4 arylamino and 4- to 1 0-membered 
aromatic heterocyclic group; 

each of and R^ is (i) a hydrogen atom, (ii) a C^^ alkyI group, C2-6 alkenyl group, C2-6 alkynyl group, 
cycloalkyi group, cydoalkenyl group, Cg-u aryl group or Cj.^q aralkyl group which may have 1 to 5 sub- 
stituent(s) selected from Substituent Group A described above; 
Xis 

(i) a bond, 

(ii) an oxygen atom, 

(iii) an optionally oxidized sulfur atom, 

(iv) a C^_6 alkyI group, Cg^ alkenyl group, alkynyl group. C^^ cydoalkyi group, G3.6 cycloalkenyl 
group, 06.14 aryl group or Cj,^q arallQrl group whfch may have 1 to 6 substituent(s) selected from Substit- 
uent Group A described above, 

(v) a nitrogen atom having an acyl group selected from fonmyl, cariaoxy, cartDamoyI, C^^ alkyl-cartDonyl, 

cycloalkyl-carbonyl, C^^g alkoxy-cartDonyl, 06.^4 aryl-carbonyl, C7.16 aralkyl-carbonyl, 06.^4 aryloxy 
cartjonyl, Cy.^Q aralkyloxy-carbonyl, (5- or 6-membered heterocyde having, in addition to cartjon atoms, 
1 to 3 heteroatom(s) selected from nitrogen, sulfur and oxygen atoms)-cart>onyl, mono-C^^ alkyl-car- 
bamoyl, di-Ci.6 alkyI cariaamoyl. Cg.^ aryl-cariaamoyl, (5- or 6-membered heterocyde having, In addition 
to cari^on atoms, 1 to 3 heteroatom(s) selected from nitrogen, sulfur and oxygen atoms)-cart5amoyl, C^^ 
alkyl-thiocarbonyl, Cs^gcydoalkyl-thiocartDonyl, C^^galkoxy-thiocaibonyl, 06.^4 aryl-thiocart3onyl, Cy.^g ar- 
alkyl-thiocarbonyl, Gg.14 aryloxy-thiocart^onyl, Cy.^g aralkyloxy-thiocarbonyl. (6- or 6-membered hetero- 
cyde having, in addition to carbon atoms, 1 to 3 heteroatom(s) selected from nitrogen, sulfur and oxygen 
atoms)-thiocarbonyl, thiocartsamoyi, mono-C^^alkyl-thiocarbamoyl, dl-C^^alkyl-thiocarbamoyl, C^^^ar- 
yl-thiocari3amoyl. (5- or 6-membered heterocyde having, in addition to caibon atoms, 1 to 3 heteroatom 
(s) selected from nitrogen, sulfur and oxygen atoms)-thiocartDamoyl, mono-G^.g alkylsulfamoyi, di-C^^ 
alkylsulfamoyi, Gg.14 arylsulfamoyi, G^^g alkylsulfonyl, Gg.^4 arylsulfonyl, C^^ alkylsulfinyl, Cg.^4 arylsulfi- 
nyl, sulfino, sulfo, 0^^ alkoxysulfinyl, Og.14 aryloxysulfinyl, C^^ alkoxysulfonyl and Cq,^^ aryloxysulfonyl, 
which may have 1 to 5 substftuent(s) selected from Substituent Group A described above, or, 

(vi) a 5- to 14-membered heterocyclic group containing 1 to 4 heteroatom(s) selected from nitrogen, sulfur 
and oxygen atoms in addition to cari^on atoms which nrtay contain 1 to 5 substituent(s) selected from 
Substituent Group A described above; 

Yis 

<1 > a methylene group which may have 1 to 5 subst(tuent(s) selected from Sut)stituent Group A described 
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( ■ above or 

<2> a carbonyl group; 



n is 0 or 1 , 



10 



IS 



20 



25 



30 



35 



iO 



. ^] the compound according to the above-mentioned {2] or [3] wherein Ri is (1) an optionally substituted aromatir 
JnS^t^? r ^ ^ ^I?"" represented by Formula: -L-Ria v^herein L is methylene, cartDonyl or an optioS 

hXr^ruXtS^^^^^^^ 

[6] the compound according to the above-mentioned [51 wherein i 
Is any of the following (i) to (iv): 

abover"* ^"^^ "^^ "^''^ ^ '° ^ substituent(s) selected from Subsdtuent Group A described 
(ii) a 5- to 14-membered heterocyclic group containing 1 to 4 heteroatom{s) selected from nitrogen sulfur 

rb=oC;::reVrvr ' ^ 

S^^bS^r^'^^"'"'' '^''^ ""^^ ' *° ^ substituent(s) selected from Substituent Group A de- 
Civ) a group represented by Fomiula: -L-R^a wherein L is (a) a methylene, (b) a carbonyl or (c) a nitroaen 
atom which may be substituted by the following (ia) to (iiia): arponyi or (c) a nitrogen 

(ia) a hydrogen atom, 

iroi.n'T-^ T""' ^2^^"^^"^ S'^^P' ^2-6 alkynyl group, Cg^ cycloalkyi group, C« cycloalkenyl 

lublS;rr -^-'^ ^''^'^ ""^y ^^^^ ^ 5 subsLent(sf1e7ected from 

Substituent Group A described above, 

(iiia) an acyl group selected from fomiyl, carboxy. caitoamoyl. C,^ alkyl<^*onyl cvcloalkvl 
carbonyl. C e alkoxy-ca^onyl. a,yl^rt,onyl. C,.,« a^lkyl-^Zyl. aiy^'xy^onT 
heil^oaTcSsTsl^t:;'^^ '^^'-^'^Vcle having, in additio^ to caZ atoS^ to'3 

J™f S-^ selected from nitrogen, sulfur and oxygen atoms)-ca*onyl. mono-C, . alkyl^ar- 
I^S:-" Ce-u arylH^arbamoyl. (5- or e-membered heterocycle having in^- 

S^ov? c IIT- '1° ^ ^«'«^°^'°'^(«) from nitrogen, sulfur and o^gen atoms^r- 

bamoyl, C alkyl-thiocarbonyl. cycloalkyl-thiocarbonyl, C,^ alkoxy-thiocarbony^ C«.,, arv^ - 

6-membered heterocycle having, in additton to ca*on atoms. 1 to 3 heteroatomfs) selected from 
SiTaJi;-' oxygen atoms).thioca,bonyl. thiocart.amoyl. mono-C,^ allil'th^ZoW 
mon^o ^^TI ? ■ (5- or 6-memberod heterocycle having, in ad- 

drt^n to cartoon atoms. 1 to 3 heteroatom(s) selected from nitrogen, sulfur and oLen atom;)-thio- 

T"^L rTn'-« ^"^'^""^^y- ^'-^^s alkylsulfamoyl. d ;.ylsutfamoyl, qraSfonyl 
^tl' alkylsulfinyl. C,.,, arylsulfinyl. sulfino. sulfo. C,^ alkoxysutffnyl C«., 

toxysu Ifinyl. c alkoxysulfonyl and Ce.., ary.oxysulfonyl. whteh may hive 1 to^ subslent s) sX 
lected from Substituent Group A described above, ^uiuenns^se 

Ri^ls 

(i) a hydrogen atom, 

00 <1> a Ce ,4 aryl group or <2> a 5- to 14-membered aromatfc heterocydfc group containinq 1 to 4 
moms boSw'h T'' V " ' ""'^^^ °' ^"""^ ^ oxyg^atom's in'addition to cUn 

ZJj^r^ whK:h may have a C,^ alkyl group. C^^ alkenyl group, cjalkynyl group 
cycloalkyi group, cycloalkenyl group. Ce.,, aiyl group or C,.,« aralkyi group which may Si 
substituent(s) selected from Substituent Group A described above 
(iv) an amino group whfch may be substituted by the following (ia) to (iiia): 

(ia) a hydrogen atom, 

(iia) a C,^ alkyl group. C^^ alkenyl group. C^.^ alkynyl group. Cs^cyctoalkyl group. cycloalkenyl 
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group, aryl group or Cy.^g aralkyl group which may have 1 to 5 substituent(s) selected from 
Substituent Group A described above, 

(liia) an acyl group selected from fonmyl, carboxy. carbamoyl, C^^ alkyl-carbonyl, C^^ cycloalkyl- 
carbonyl. C^^ alkoxy-carbonyl. Cq_^^ aryl-carbonyl, Cy.^g aralkyl-carbonyl, C^.^^ aryloxy-carbonyl. 

aralkyloxy-carbonyl, (5- or 6-membered heterocycle having, in addition to carbon atoms, 1 to 3 
heteroatom(s) selected from nitrogen, sulfur and oxygen atoms)-carbonyl, mono-C^^ alkyl-car- 
bamoyi, di-C^^ alkyi carbamoyl, Cg-u aryl -carbamoyl. (5- or 6Hfnenr*)ered heterocycle having, in ad- 
dition to carbon atoms, 1 to 3 heteroatom(s) selected from nitrogen, sulfur and oxygen atoms)-car- 
bamoyl, C^^ alkyl-thiocarbonyl, cycloalkyl-thiocarbonyl, C^^ alkoxy-thiocarbonyl, Cq.^^ aryl-thi- 
ocarbonyl, Cy.^e aralkyl-thiocarbonyl, €5.^4 aryloxy-thiocarbonyl, Cj,^q aralkyloxy-thiocarbonyl, (5- or 
6-membered heterocycle having, in addition to carbon atoms, 1 to 3 heteroatom(s) selected from 
nitrogen, sulfur and-oxygen atoms)-thiocart>ony«;' thfecait^ 

di-Ci^ alkyl-thiocarbamoyi, Cq.^^ aryl-thlocarbamoyi, (5- or 6-membered heterocycle having, in ad- 
dition to carbon atoms, 1 to 3 heteroatom(s) selected from nitrogen, sulfur and oxygen atoms)-thio- 
carbamoyl, mono-Ci^ alkylsulfamoyl, di-C^^ alkylsulfamoyi, Cq.^^, arylsulfamoyl, C^^ alkylsulfonyl, 
Cs-u arylsulfonyl, C^^ alkylsulfinyl, Cg^u arylsulflnyl, sulfino, sulfo, C^^ alkoxysulfinyl. C^^^ ary- 
toxysulflnyl. C^^ alkoxysulfonyl and Cq,^^ aryloxysulfonyl. 



[7] the compound according to the above-mentioned [2] wherein is a group represented by Formula: 



(wherein R^b a hydrogen atom or an optionally substituted hydrocart)on group or optionally substituted hetero- 
cyclic group. Ring D is an optionally substituted aromatic hydrocartjon ring or optionally substituted heterocyclk; 
group, E is a bond, methylene, oxygen atom, optionally oxidized sulfur atom, optionally substituted nitrogen atom 
or a group represented by Formula: -CS-0-. -C0-0-, -S-CO-, -(CH2)k-CO-. NRic^jo-CCHa)^-, -NR^c.sOg- 
(CH2U-, -S02-NR1C.(CH2L-, -0-CS-NRiC-(CH2)„,-. -NR1C-C0-NR1C-{CH2)^-, -NRiC<)0-(CH2)^-NRic. where- 
in R^c is a hydrogen atom, optionally substituted alkyl group or acyl group, k is 0 or 1 , m is an integer of 0 to 3). 
[8] the compound according to the above-mentioned [7] wherein 



(i) a alkyl group, Cg^ alkenyl group, Cg^ alkynyl group. Ca^cycloalkyl group, Cg^cycloalkenyl group, 
^6-14 fl'^oup or Cy.^e aralkyl group which may have 1 to 5 substituent(s) selected from Substituent 
Group A described above, or, 

(II) a 5- to 14-membered heterocyclte group containing 1 to 4 heteroatom(s) selected from nitrogen, sulfur 
and oxygen atoms in addition to cartjon atoms which may contain 1 to 6 substituent(s) selected from 

Substituent Group A described above; 

Ring D is (i) a Gg.^^ aryl ring which may have 1 to 5 substituent(s) selected from Substituent Group A described 
above or (ii) a 5- to 14-membered heterocyclic ring containing 1 to 4 heteroatom(s) selected from nitrogen, 
sulfur and oxygen atoms in addition to carbon atoms which may contain 1 to 5 substituent(s) selected from 
Substituent Group A described above; 
E is any of the following (i) to (viil): 

(I) a bond, 

(ii) methylene, 

(iii) an oxygen atom, 

(iv) an optionally oxidized sulfur atom, 

(v) a nitrogen atom having a C^^ alkyl group. Cg^ alkenyl group, Cg-e alkynyl group. Ca^cycloalky! group. 

cycloalkenyl group. Cg-M aryl group or Cj.^q aralkyl group which may have 1 to 5 substituent(s) 
selected from Substituent Group A described above. 
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(VI) a nitrogen atom having an acyl group selected from foimyl. carboxy. carbamoyl, g alkyl-caibonyl 
Ca^cydoaikyl-caibonyl. C,^ alkoxy-carbonyl. C^-u aiyl-carbonyl, C^-ie aralkylH^rtonyl, aryloxy- 
carbonyl. C^.^g aralkyloxy-caibonyi, (5- or6-membered heterocyde having, in addition to carbon atoms 
1 to 3 heteroatom(s) selected from nitrogen, sulfur and oxygen atoms)-caibonyl. mono-C. . alkyl-car- 
bamoyl. di-C,.^ alkyi carbamoyl. C^,^ aryl-caibamoyl. (5- or 6-membered heterocyde having, in addition 

- ^ to caibon atoms. 1 to 3 heteroatom(s) selected from nitrogen, sulfur and oxygen atoms)-caibamoyl C,^ 
a kyl-thiocarbonyl. Cg^cycloalkyl-thiocaibonyl. C,^ alkoxy-thiocaibonyl. C^.,^ aiyl-thiocarbonyl C. " „ aJ^ 
alkyl-thiocarbonyl. Cg.^ aryloxy-thiocarbonyl, C7.,6 aralkyloxy-thiocarbonyl, (5- or 6-membered hetero- 
cyde having, In addition to carbon atoms, 1 to 3 heteroatom(s) selected from nitrogen, sulfur and oxyqen 
atoms)4hiocarbonyl. thiocaibamoyl. mono-C,^ alkyl-thiocarbamoyl. di-C,^alkyl-thiocart>amoyl. C^.,^ ar- 
yi-thiocarbamoyl, (5- or 6-membered heterocyde having, in addition to caibon atoms. 1 to 3 heteroatom 
(s) seleded from' nitrogen^ soMur an* oxygen- atomsHhfocaibamoyfi mono^e, ^ alkyteulfamoyl" di^,^ 
alkylsulfamoyi C6.,4 arylsulfamoyl. C,^ alkylsulfonyl. C6.,4 aiylsutfonyl. C,^ alkylsulfinyl. C. aMsutff 
nyl sulfino. sulfo. C,^ alkoxysulfinyl. Ce.^ aryloxysulfinyl, C,^ alkoxysulfonyl and C^,. aryloxysulfonyl 

(VII) a nitrogen atom having a 5- to 14-membered heterocyde group containing 1 to 4 heteroatomfs) 
selected from nitrogen, sulfur and oxygen atoms in addition to carbon atoms which may contain 1 to 5 
substituent(s) selected from Substltuent Group A described above; 

(VIIO -CS-0-. -C0-0-. -S-CO-. -(CH2)k-CO-. -NRiC.cO-(CH,) - -NR^C-SO -(CH^\ 
-S02-NR1SCH2)„-. -0<iS-NRiC-(CH2)„-. -NRio<;o-NRic.(CH2)„. or^■NR1C.CO-(C^4)l-^^RTc: 
(wherein R'^ is "* 

(ia) a hydrogen atom, (iia) a C^g alkyI group which may have 1 to 5 substituent(s) selected from 
Substituent Group A described above, or. 

(liia) an acyl group selected from fomrvl. caiboxy. caibamoyl. C,^ alkyl-carbonyl, C3. cydoalkyl- 
carbonyl C,.6 alkoxy-carbonyl. C^,, aryl-caibonyl, C^.^g aralkyl-carbonyl, C^,^ an^ioxy-carbonyl. 
C7.,6 aralkytoxy-carbonyl. (5- or 6-membered heterocyde having, in addition to carbon atoms 1 to 3 
heteroatom(s) selected from nitrogen, sulfur and oxygen atoms)-carbonyl, mono-C, - alkyl-car- 
bamoyl, d.-C,^ alkyl-carbamoyl, 0^^,^ aryl-carbamoyi, (5- or 6-membered heterocyde having in ad- 
dition to carbon atoms, 1 to 3 heteroatom(s) selected from nitrogen, sulfur and oxygen aton4)^- 
bamoyl. C^^ alkyl-thiocarbonyl. cydoalkyl-thlocarbonyl, C,^ alkoxy-thiocarbonyl. aryl-thi- 
ocarbonyl, Cy.^ aralkyl-thiocarbonyl. C^u atyloxy-thiocaibonyl. C^.^e aralkyloxy-thiocaibonyl (5- or 
6-membered heterocyde having, in addition to carbon atoms. 1 to 3 heteroatom(s) selected from 
nitrogen, sulfur and oxygen atoms)-thiocarbonyl, Ihlocarbamoyl. mono-C,^ alkyl-thiocarbamoyl 
di-C,^ alkyl-thiocarbamoyl, C6.14 aryl-thiocarbamoyl. (5- or 6-membered heterocyde having in a* 
dition to carbon atoms, 1 to 3 heteroatom(s) selected from nitrogen, sulfur and oxygen atoms)-thto- 
carbamoyl. mono-C,.6 alkylsulfamoyi. di-C,.6 alkylsulfamoyi, C6.,4 arylsulfamoyl, C, . alkylsulfonyl 
C6.U arylsulfonyl. C,^ alkylsulfinyl. C6.,4 arylsulfinyl, sulfino. sulfo. C,.6 alkoxysulfinyl. C... ary- 
loxysulfinyl, C1.6 alkoxysulfonyl and C6.,4 aryloxysulfonyl. which may have 1 to 5 subsUtuentfs) se- 
lected from Substituent Group A described above; 

k is 0 or 1 , m is an integer of 0 to 3). 
[9] the compound according to the above-mentioned [7] wherein 
R'" Is. 

(1) a alkyI group (this C,^ alkyI group may have a substituent seleded from a halogen atom cyano 
hydroxy. C,.6 alkoxy-carbonyl, di-C,.6 alkylamino. optionally halogenated C,^ alkyl-caibonyl-amino car- 
boxy, carbamoyl. C,^ alkyl-carbamoyl. C,^ alkyl-carbonyloxy. C^.g alkoxy-carbonyl-C,^ alkyl-carbamoyl 
(5- to 6-membered heterocyclic ring containing 1 to 3 heteroatom(s) seleded from nitrogen, sulfur and 
oxygen atoms in addition to carbon atoms)-C,^ alkyl^sarbamoyl. C^^ alkylthio, C, . alkylsulfinyl, C. « 
alkylsulfonylamino. (5- to 6-membered heterocydic ring containing 1 to 3 heteroatom(s) selected from 
nitrogen, sulfur and oxygen atoms in addition to cartjon atoms)-Cj^ alkylcart)amoyl. (5- to 6-membered 
heterocydic ring containing 1 to 3 heteroatom(s) selected from nitrogen, sulfur and oxygen atoms in ad- 
dition to cartjon atoms)-amino. sulfamoyl-Cg.^ aryl. carboxy-Ce.u aryl. C,^ alkoxy<arbony|.C6.,4 aryl 
caitoamoyl-C6.i4 aryl, C,.6 alkyl-carbamoyl-Ce.^ aryl which may have a hydroxy and (4- to 1 0-membered 
heterocydic ring containing 1 to 3 heteroatom(s) selected from nitrogen, sulfur and oxygen atoms in ad- 
dition to caibon atoms)-carbamoyl-C6.,4 a«yll. 
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(2) a cycloalkyi group, 

(3) a Cg-u aryl group [this C6.14 aryl group may have a substituent selected from C^^ alkoxy, amino, 
carboxy, optionally halogenated C^^ alkyl-carbonylamino, C^^ alkoxyncarbonylamino, formylamino. ure- 
ido. C^^ alkylsulfonylamino. (C^^ alkyl)(C^^ alkylsulfonyl) amino. C^^ alkoxy^rbonyl-Ci^ alkylamino. 
optionally C^^ alkyl-esterified phosphono-C^^ alkylamino, mono- or di-C^^ alkyl-carbamoyl and 

"x aralkyloxy-carbonylamino] or 

(4) a 5- to 14-membered heterocyclic group containing 1 to 4 heteroatom(s) selected from nitrogen, sulfur 
and oxygen atoms in addition to carbon atoms [this heterocyclk; group may be substituted by 1 or 2 sub- 
stituentCs) selected from a halogen atom, C^^ alkyl, carboxy-C^^ alkyi, C^^ alkyl^rbonyloxy-Ci.6 alM. 
C^^ alkoxy-carbonyl, C^^ alkoxy-carbonyl-C,^ alkyl, C^^ alkyl-carbamoyl-Ci^ alkyl. cartamoyi, 0x0 and 
4- to 1 0-membered heterocyclic group containing 1 to 3 heteroatom(s) selected from nitrogen, sulfur and 
oxygen^atoms-in^addltioato carbon atoms]; ^- 

Ring D is (I) a C6.14 aryl ring or (ii) a 5- to 14-membered heterocyclic ring containing 1 to 4 heteroatom(s) 

selected from nitrogen, sulfur and oxygen atoms in addition to cartaon atoms* 

Els 

(I) a bond, 

(ii) methylene, 

(iii) O. 

(iv) S. 
(V) SO. 

(vi) S02. 

(vii) -NH-, 

(viii) -N(Ci.6 alkyl)-. 

(ix) -N(Ci.6 alkyl-carbonyl)-, 

(x) -N(C^^ alkoxy-cartDonyl)-, 

(xi) -N(C^^ alkyl-sulfonyl)-, 

(xii) .CO-0-, 

(xiii) -S-CO-. 

(xiv) a group represented by Fomiula: -<CH2)i(-CO wherein k is 0 or 1 , 

(XV) -NR»-C0-(CH2)^i- wherein R' Is a hydrogen atom or C,^ alkoxy-cart)onyl or 0^.6 alkyl group whteh 
may be substituted by a heterocyclic group containing 1 to 3 heteroatom(s) selected from nitrogen, oxygen, 
sulfur atoms and the like in addition to cariDon atoms, and m1 Is an integer of 0 to 3, 

(xvi) a group represented by Fomiula -NRg-S02-(CH2)„»2- wherein R9 is a hydrogen atom or C^^ alkyl- 
sulfonyl group and m2 is 0, 

(xvii) a group represented by Fomiula -S02-NRh-(CH2)n,3- wherein Rh Is a hydrogen atom or C.^ alkyl 
group and m3 is 0 or 1, 

(xviii) a group represented by Fomiula -0-CS-NR4CH2)m4- wherein R^ is a hydrogen atom or C.^ alkyl 
group and m4 is 0 or 1 . 

(xix) a group represented by Fomnula -NRl-CO-NRHCH2)m5- wherein Rl is a hydrogen atom or C.^ alkyl 
group, Rk is a hydrogen atom or C^^ alkyl group 

andmSisOorl, 

(XX) a group represented by Fomiula -NR»-CO-CH2-(CH2)n,6-NR'"- wherein R"- is a hydrogen atom or C^^ 
alkyl group, R™ is a hydrogen atom or C^^ alkyl group and m6 is 0 or 1 . 

[10] the compound according to the above-mentioned [2] wherein R^ is a group represented by Fomiula: 



wherein Hal is a halogen atom. Ring 0 is defined as described in the above-mentioned [7], 

[11] the compound according to the above-mentioned [2] wherein R^ Is a group represented by Fomiula: 




co-Hal 
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wherein each symbol is defined as described in the above-mentioned [7J or a group represented by Fomiula: 




wherein each symbol is defined as described in the above^entioned (71. each of R2 and R3 is a hydrogen atom 
or optionally substituted hydrocarbon group, and R2 and R3 may be taken together with the adjacent ca*on atom 
to fomianoptionally substituted 3- to 8-membered ring. R4isahydrogenatom.cyano group, opti 
hydrocarbon group, acyl group or a group represented by Fomiula: -OR* (wherein R*' is a hydrogen atom op- 
tionally sitostituted hydrocarbon group or acyl group). RS is an optionally substituted hydrocarbon group each of 
R6 and R7 .s an optionally substituted hydrocarbon group, R6 and R7 may be taken together with the adjacent 
cart)on atom to form an optionally substituted 3- to 8-membered ring, each of R8 and R9 is a hydrogen atom X is 
an oxygen atom or an optionally oxidized sulfur atom, Y is methylene wh»h may have 1 or 2 C, , alkyI qroupfs) 
andnisOorl. ' ^ '^^ ' 

[12] the compound according to the above-mentioned [2] wherein 



is, 



(0 a C6.14 aryl group which may have 1 to 3 substituent(s) selected from the following (1) to (23): 

(1 ) a halogen atom, 

(2) a nitro group, 

(3) a 0^.6 alkyI group 

[this alkyI group may have a substituent selected from a halogen atom, cyano. carbamoyl C.^ 
alkyl-carbamoyl. C^^ alkyl-carbonyloxy. C,^ alkoxy^arbonyl-C,^ alkyl-carbamoyl. (5- or B-mem- 
bered heterocyclic ring containing 1 to 3 heteroatom{s) selected from nitrogen, sulfur and oxygen 
atoms m addition to carbon atoms)-C,^ alkyl-carbamoyl. C,^ alkylsulfonylamino. C, . alkoxy<arb- 
onyl and carboxyj, ' « i-6 j 

W a C^^ cycloalkyi group, 

(5) a aryl group 

[this C6.U aryl group may have a substituent selected from amino, carboxy. C^^ alkoxy-carbonyl 
carbamoyl, mono- or di-C,^ alkylcarbamoyi, fomiylamino. C,^ alkyl-carbonylamino which may have 
a halogen atom or carboxy, C^..^ aryl-carbonylamino. C,^ alkoxy-carbonylamlno, ureido. mono- or 
dj-Ci^ alkylureido, C,.^ alkylsulfonylamino, (C,^ aIkyl)(C,.6 alkylsulfonyl) amino, (C.^ alkyl)(C, . 
a M-carbonyl) amino. C,^ alkoxy-carbonyl-C,.6 alkylamino. C^..^ aralkyloxyn^arbonylamino, C 
alkyl^rbonylamino-C,.6 alkyl-carbonylamino. C,^ alkylthio.C,.6 alkyl^rbonylamino. C, . alkyl- 
sulfinyl-C,^ alkyKarbonylamino. C^^ alkyl-sulfonyl^^^^ alkyl^arbonylamino. Ce.. aiyloxy^rbon- 
ylamino and hydroxy-C^^ alkyl-carbamoyl], 

(6) a alkoxy group which may have a halogen atom or C,^ alkoxy-Cg . . aryl 

(7) a 

^6-14 aryloxy group, • . 

(8) a Ci_6 alkylthio group which may have a carbamoyl, 

(9) a C,^ alkylsulfinyl group which may have a carbamoyl, 

(1 0) a C6.^4 arylthio group, 

(1 1) a hydroxy group, 

(1 2) a 5- to 14-membered heterocyclic group containing 1 to 4 heteroatom(s) selected from nitrogen. 
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sulfur and oxygen atoms [this heterocyclic group may have a substituent selected from oxo. car- 
boxy-Ci^ alkyi, C^^ alkyl-carbonyloxy-C,^ alkyl. C^^ alkyl. C^^ alkoxy-cart)onyl-Ci^ alkyl.'c^^ 
alkoxy-carbonyl, carbamoyl-C,^ alkyl and C^^ alkyl-caibamoyl-Ci^ alkyl]. 

(13) acafboxygroup, 

(14) a group represented by Formula: -CO-Hal (Hal is a halogen atom). 

(1 5) a C^^ alkyl-carbonyl group, 

(16) a C^,Q alkyl-sulfonyl group, 

(1 7) a C^^ alkoxy-carbonyl group, 

(1 8) a suffamoyi group 

[this sulfamoyi group may have 1 or 2 substituent(s) selected from C^^ alkyl, carbamoyl-C^^ alkyi, 
C,^ alkoxy-cart)onyl-Ci.6 alkyl. (5- to BHuembered heterocyclic ring which may have an oxo group) 
-Of^ alkyl'ancl^y^.alkylK:arbonylamino-G6:i4 aryl),- - 

(1 9) a group represented by Formula: -NR^R^ 

[each of and Rb is (i) a hydrogen atom, (ii) a C^^ alkyl, (iii) a (5- or 6-membered heterocyclic ring 
containing 1 to 3 heteroatom(s) selected from nitrogen, sulfur and oxygen atoms in addition to carbon 
atoms)-Ci.6 alkyl, (iv) a C^^ alkoxy-cart)onyl-C,^ alkyl. (v) a di-C^^ alkylamino-methylene-sulfa- 
moyl-C^^ alkyl. (vi) a carbamoyl-C^^ alkyl, (vli) a sulfamoyl-C^^ alkyl, (vlil) a C^^ alkyl-sulfonyl (ix) 
a alkoxy-carbonyl. (x) a di-C^^ alkoxy^arbonyl^g-e ^"^®"y'' (X') a C^^u aryl. (xii) a 5- or 6-niem- 
bered heterocyclic group containing 1 to 3 heteroatom(s) selected from nitrogen, sulfur and oxygen 
atoms in addition to carbon atoms [this 5- or 6-membered heterocyclic group may have a substituent 
selected from amino. C^^ alkyl-carboxamido and C,^ alkyl-sulfonylamino], (xiii) an optionally halo- 
genated C^.^ alkyl-carbonyl, (xiv) a C^^ alkylthlo-Ci^ alkyl-carbonyl, (xv) a C,^ alkylsulfinyK^.^ 
alkyl^rbonyl. (xvi) a C^^ alkylsulfonyl-C^^ alkyKarbonyL (xvii) an amino-C,^ alkyl^rbonyl (xviii) 
an optionally halogenated C,^ alkyl-carbonyl-amino-Ci.6 alkyl-carbonyl. (xix) a Cg.^^ aryl-caibonyl, 
(XX) a carboxy-C6.i4 aryl^rbonyl. (xxi) an optionally C^^ alkyl-esterified phosphono-Ci^ alkyl^g.,4 
aryl-carbonyl. (xxii) a (5- or 6-membered heterocyclic ring containing 1 to 3 heteroatom(s) selected 
from nitrogen, sulfur and oxygen atoms in addition to carbon atoms which may have a halogen atom, 
0X0 or a C,^ alkoxy-carbonyl)K5arbonyl. (xxiii) a (5- or 6-membered heterocyclic ring containing 1 to 
3 heteroatom(s) selected from nitrogen, sulfur and oxygen atoms in addition to carbon atoms)-Ci^ 
alkylK^arbonyl, (xxiv) a Cq,^^ aryl-oxy^arbonyl. (xxv) a carboxy-C^^ alkyl. (xxvi) a carit)amoyl, (xxvii) 
an optionally halogenated C^^ alkylcartsamoyl. (xxviii) a Cg-u aiylcarbamoyi which may have a C^^ 
alkylK^rbonylamino. (xxix) a (5- or 6-membered heterocyclic ring containing 1 to 3 heteroatom(s) 
selected from nitrogen, sulfur and oxygen atoms in addition to carbon atoms) -carbamoyl, (xxx) a Cg e 
alkenyl-carbonyl. (xxxi) a (5- or 6-membered heterocyclic ring containing 1 to 3 heteroatorn(s) selected 
from nitrogen, sulfur and oxygen atoms in addition to carbon atoms which may have an oxo group)- 
amino-C^^ alkyl-carbonyl, (xxxii) a (5- or 6-membered heterocyclic ring containfng 1 to 3 heteroatom 
(s) selected from nitrogen, sulfur and oxygen atoms in addition to carbon atoms which may have an 
0X0 group)(Ci.6 alkyl) amino-Ci.6 alkyl-carbonyl. (xxxili) a (5- or 6-rnembered heterocyclic ring con- 
taming 1 to 3 heteroatom(s) selected from nitrogen, sulfur and oxygen atoms in addition to cariwn 
atoms which may have an oxo group)(C^^ alkytearbonyl)amino-C,^ alkyl-carbonyl, (xxxiv) a C.^ 
alkylthio-C^^ alkylcarbonyl (sulfur atom may be oxidized), (xxxv) an optionally halogenated C.^ alkyl- 
sulfonyl, (xxxvi) a sulfamoyi or (xxxvii) a alkylsulfamoyi], 
(20) a group represented by Formula: -C(=0)NRCR<^ 

(each of Rc and R<i is (i) a hydrogen atom, (li) a C^^ alkyl. (iii) a (5- or 6-membered heterocyclic ring 
containing 1 to 3 heteroatom(s) selected from nitrogen, sulfur and oxygen atoms in addition to carbon 
atoms)-Ci^ alkyi. (iv) a carboxy-C^ ^alkyt. (v) a alkoxyK:arbonyl-Ci^ alkyl. (vi) a di-C^^ alkylami- 
no-C,.6 alkyl. (vii) a carbamoyK^^^ alkyl, (viii) a C^^ alkylcarbamoyl-C^^ alkyl. (ix) a (5- or 6-mem- 
bered heterocyclic group containing 1 to 3 heteroatom(s) selected from nitrogen, sulfur and oxygen 
atoms in addition to carbon atoms)-C^^ alkyIcart3amoyl-C,.6 alkyl, (x) a (5- or 6-membered hetero- 
cyclic group containing 1 to 3 heteroatom(s) selected from nitrogen, sulfur and oxygen atoms in ad- 
dition to carbon atoms)-amino-C^^ alkyl. (xi) a sulfamoyl-C6.u ^^^'O^-e alkyl. (xii) a Cg-u aryl which 
may have a C^^ alkoxy. (xiii) an optionally C^^ alkyl-esterified phosphono-C^^ alkyl-C^.^^ aryl, (xiv) 
a 4- to 10-membered heterocyclic ring containing 1 to 3 heteroatom(s) selected from nitrogen, sulfur 
and oxygen atoms in addition to carbon atoms [ttiis 4- to 10-rnembered heterocyclk: group may have 
1 to2 substituent(s) selectedfrom a halogen atom, C^^alkyl and oxoj. (xv) aC6.^4aryl-carbamoyl-C^ g 
alkyl, (xvi) a hydroxy-C^^ alkyl or (xvii) a (5- or 6-membered heterocyclic ring containing 1 to 3 het- 
eroatom(s) selected from nitrogen, sulfur and oxygen atoms in addition to carbon atoms which may 
have a oxo group)-carbamoyl-Ci.6 alkylj. 
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(21) acyano group, 

(22) a mono- or di-C^^ alkylcarbamoylthio group. 

(23) a mono- or di-C^^ alkylthiocaibamoyloxy group; 

5 (ii) a 5- to 14-membered heterocyclic group containing 1 to 4 heteroatom(s) selected from nitrogen sulfur 

\ ) f ^^""""^ which may contain 1 to 3 substituent(s) selected from the 

Y following (1) to (8): 

(1) a halogen atom, 

(2) a C^^ alkyi group [this alkyi may have a substituent selected from carboxy. C.^ alkoxy C.^ alkoxy- 
carbonyl. mono<:,^ alkyl-amino. d\<:,^ alkyl-amino, cartamoyl, C,^ alkyl-carbamoyl which may 
have^^^hydroxy5^4-tor40^eii^ed^heter^K^ 

nitrogen, sulfur and oxygen atoms in addition to carbon atoms which may have oxo (4- to 1 0-mem- 
bered heterocyclic ring containing 1 to 3 heteroatom(s) selected from nitrogen, sulfur and oxygen 
atoms in addition to carbon atoms)-carbamoyl. cartamoyl-C.^ alkyl-carbamovll 

(3) a Ci.6 alkoxy group. 

(4) a C^i4 aryl group, 

(5) a Cy.^e aralkyl group [this Cj,^^ aralkyi group may have a substituent selected from carboxy C. 
alkoxyK^arbonyl. carbamoyl, C,^ alkyl-carbamoyl which may have hydroxy. (4- to 1 0-membered het- 
erocyclic nng containing 1 to 3 heteroatom(s) selected from nitrogen, sulfur and oxygen atoms in 
addition to carbon atoms)-carbamoyl]. 

(6) a 4- to 10-membered heterocyclic group containing 1 to 3 heteroatom(s) selected from nitrogen 
sulfur and oxygen atoms in addition to carbon atoms [this 4- to 1 0-membered heterocyclic group may 
have a substituent selected from a C^^ alkyi. C,^ alkoxy^arbonyl. carbamoyl, oxo. 4- to 10-mem- 
bered heterocyclic group containing 1 to 3 heteroatom(s) selected from nitrogen, sulfur and oxygen 
atoms in addition to carbon atoms], 

(7) an oxo group. 

(8) an oxide group; 
(ili) a 03,6 cycloalkyi group; or, 

(iv) a group represented by Fonnula: -L'-Rta* (u is methylene, carbonyl or an optionally substituted 
nrtrogen atom. R^a is (I) a hydrogen atom. (2) a C6.,4 aryl group which may have 1 to 5 substituent 
(s) selected from a C^^ alkyi and C,^ alkoxy, (3) a hydroxy group which may be substituted by a s 
alkyi group. (4) a C^.q alkyl-amino group which may be substituted by a 4- to 10-membered hetero- 
cyclic ring containing 1 to 3 heteroatom(s) selected from nitrogen, oxygen and sulfur atoms in addition 
to carbon atoms. (6) a C^.^ aryl-amino group or (7) a (4- to 1 0-membered heterocycOc ring containing 
1 to 3 heteroatom(s) selected from nitrogen, oxygen and sulfur atoms in addition to cartoon atoms)- 
amino group), ' 

each of R2 and R3 is (1) a hydrogen atom, (2) a C^^ alkyi group which may be substituted by <1> a halogen 
atom. <2> a hydroxy group which may be substituted by a substituent selected from a C, . alkyi C. « alkyl- 
carbonyl, C,^ alkylsulfonyl and 0^.,^ aralkyl. <3> an amino group which may be substituted by'l or 2 C, . 
alkyl. alkyl^jarbonyl and Cg^u aryl-cariDonyl. <4> a 4- to 10-membered heterocyclic group containing 1 
to 3 heteroatom(s) selected from nitrogen, oxygen and sulfur atoms in addition to carbon atoms <5> a thio 
group Which may be substituted by a C^^ alkyi, <6> a C^.^ alkyl-sulfinyl group or <7> a C,^ alkyl-sulfonyl 
group.or{3)aCi.6alkoxy-carbonylgroup, 1^ y-5,uHunyi 

R2 and R3 may be taken together with the adjacent carbon atom to form a C^^ cycloalkane 

t (0 a hydrogen atom, (ii) a cyano group, (iii) a C^^ alkyi group [this C^^ alkyl group may have a substituent 
selected from (1 ) a halogen atom. (2) a cyano group. (3) a C^^ alkoxy group, (4) a hydroxy group, (5) an amino 
group (6) a mono-Ci^ alkylamino group. (7) a di-C^^ alkylamino group. (8) a tri-C,.e alkylammonium group. 
(8) a 4- to 1 0-membered heterocyclk: group containing 1 to 3 heteroatom(s) selected from nitrogen, sulfur and 
oxygen atoms in addition to carbon atoms which may have an 0x0. (9) a C^^^^ arylthio, (10) an ureido (11) a 
'^'^J^l^^^^'^'^^^^y^' (13) aC,^ alkoxy^ri^onyl. (14) amono-C,.6alkyl-cartDamoyl. (15) a formylamino 
and(16)aC,^alkyl-carboxamide], 
(iv) a Cg^ aikenyl group or (v) a fomiyl group; 

X is a bond, oxygen atom, optionally oxidized sulfur atom, -NH- or -NfmethvO- 
R5 is. . V / / . 

When X is a bond, then (i) a hydrogen atom, (ii) a C^^ alkyl group or (iii) a halogen atom 
when X IS an oxygen atom, then (If a hydrogen atom. (iO a C,^ alkyl group (this C^^ alk^^l group may have a 
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substituent selected from (1) a halogen atom, (2) a hydroxy group, (3) an amino group, (4) a carboxy, (5) a 
carbamoyl. (6) a C^^ alkoxyK^arbonyl, (7) a mono-Ci^ alkyl-carbamoyl, (8) a di-C^^ alkyl-carbamoyl, (9) a 4- 
to 1 0-membered heterocyclic group containing 1 to 3 heteroatom(s) selected from nitrogen, sulfur and oxygen 
atoms in addition to carbon atoms], (ill) a alkenyl group [this Cg^ alkenyl group may have a Cg.^^ aryl], 
(iv) a alkynyl group, (v) a cycloalkyi group, (vi) a Cj.^q aralkyi group, (vii) a C^^ alkyl-carbonyl group' 
^6-14 aryl-cartx)nyl group, (ix) a C^_6 alkoxy-carbonyl group, (x) a mono- or di-C^^ aikyl-thiocarbamoyl 
/ group, (xi) an optionally halogenated C^^ alkyl-sulfonyl group or (xii) a 4- to 1 0-membered heterocyclic group 
containing 1 to 4 heteroatom(s) selected from nitrogen, sulfur and oxygen atoms in addition to carbon atoms 
[this heterocyclic group may have a aryl], 

when X Is an optionally oxidized sulfur, then (i) a C^^ alkyi group or (ii) a mono- or dl-C^^ alkyl-carbamoyi group, 
when X is -NH- or -N (methyl)-, then (i) a hydrogen atom, (ii) a C^^ alkyl group [this C^^ alkyI group may have 
aG^ic alkoxy-<:afboriyljr («t) a*Gy^ alkyl-carbonyl 'grt>tipv (v) a Gy^ alkoxy<:arbonyl groupf'(vi) a 

carbamoyl group, (vii) a mono- or di-C^^ alkyl-carbamoyi group or (viii) a C^^ alkyl-sulfonyl group, 
each of and is a hydrogen atom or C^^ alkyl group, 

R6 and R7 may be taken together with the adjacent carbon atom to fomi a C3.8 cycloalkane. 
Each of R8 and is a hydrogen atom or a C^^ alkyl group, 

Y Is <1 > a methylene group which may have 1 or 2 alkyl or hydroxy group or <2> a carbonyl group, 
n is 0 or 1 , 

[13] the compound according to the above-mentioned [3] wherein 
R^ is, 

(0 a C^^4 aryl group which may have 1 to 3 substituent(s) selected from the following (1 ) to (20): 

(1 ) a halogen atom, 

(2) a nitro group, 

(3) a C^^ alkyl group [this C^^ alkyl group may have a substituent selected from a halogen atom, 
cyano, carbamoyl. C^^ alkyl-carbamoyl. C^^ alkyl-carbonyloxy, 0^.6 alkoxy-carbonyl-C^^ alkyl-car- 
bamoyl, (5- or 6-membered heterocyclic ring containing 1 to 3 heteroatom(s) selected from nitrogen, 
sulfur and oxygen atoms in addition to carbon atoms)-C,^ alkyl-carbamoyl. alkylsulfonylamino. 
C^.Q alkoxy-carbonyl and carboxy]. 

(4) a cycloalkyi group. 

(5) a 

[this aryl group may have a substituent selected from amino, optionally halogenated C^^q alkyl- 
carbonylamino, ureido, C^^ alkylsulfonylamino. (C^^ alkyl)(C^^ alkylsullonyl) amino, C^^ alkoxy- 
carbonyl-C^^ alkylamino], 

(6) a C^^ alkoxy group which may have a halogen atom or q alkoxy-C6.i4 

(7) a 

^6-14 sryloxy group, 

(8) a C^^ alkylthio group, 

(9) a C^^ alkylsulfinyl group, 

(10) a 

^6-14 arylthio group, 

(11) a hydroxy group, 

(1 2) a 5- to 14-membered heterocyclic group containing 1 to 4 heteroatom(s) selected from nitrogen, 
sulfur and oxygen atoms [this heterocyclic group may have a substituent selected from 0x0, car- 
boxy-Ci_e alkyK C^^ alkyl-carbonyloxy-C^^ alkyl. C^^ alkoxy-carbonyl-C^.6 alkyl, C^.^ alkyl-car- 
bamoyl-C^^ alkyl], 

(1 3) a carboxy group, 

(1 4) a group represented by Formula: -CO-Hal (Hal is a halogen atom), 

(15) a C^^ alkyl-carbonyl group, 

(1 6) a aikyl-sulfonyl group, 

(1 7) a C^^ alkoxy-caibony! group, 

(18) a sulfamoyi group [this sulfamoyl group may have a substituent selected from a C^^ alkyl, car- 
bamoyl-C,^ alkyi, (5-or 6-membered heterocyclic ring containing 1 to 3 heterDatom(s) selected from 
nitrogen, sulfur and oxygen atoms in addition to carbon atoms)-C^.6 alkyl], 

(19) a group represented by Fomnula: -NR^Rb [each of Ra and R^ Is (i) a hydrogen atom, (ii) a C^^ 
alkyl. (ill) a (5- or 6-membered heterocyclk: ring containing 1 to 3 heteroatom(s) selected from nitrogen , 
sulfur and oxygen atoms in addition to carbon atoms)-Ci^ alkyl. (iv) a C^,^ alkoxy-carbonyl-C,^ alkyl! 
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(V) a di-C,^ alkylamino-methylene-sulfamo/)^;,^ alkyi, (vi) a caibamoyl-C, g alkyi, (vii) a sulfa- 
moyl-C,^ alkyi, (viii) a C,^ alkyl-sulfonyl. (ix)a C,^ alkoxy-cart)onyl. (x) a di-C,^ alkoxyK^artjonyl-C^^ 
alkenyl, (X() a Cg-u aryl, (xii) a 5- or 6-fnembered heterocyclic group containing 1 to 3 heteroatom(5 
selected from nitrogen, sulfur and oxygen atoms in addition to carbon atoms [this 5- or 6-membered 
heterocyclic group may have a substituent selected from amino. C,^ alkyKarboxamido and C,^ 
a kyl-sulfonylamino], (xiii) an optionally halogenated C,^ alkyl-carbonyl, (xiv) a C. - alkylthio-cr! 
alkyl-cartwnyl, (xv) aC,^ alkylsulfinyl^;,^ alkyl-carbonyl. (xvi) a C,^ alkylsulfonyl^,^ alkyl^arbo 
nyl, (XVII) an amino-C,^ alkyl-carbonyl, (xviii) an optionally halogenated C,^ alkyl-carbonyl-ami- 
ncHC,^ allqrk^arbonyl (xix) a C^-u a-yl-carbonyl, (xx) a carboxy-Ce.,, aryl-carbonyl, (xxi) an optfon- 
ally C,.6 alkyl-estenfied phosphono-C,^ alkyl-C^,^ aryl-carbonyf. (xxii) a (S- or 6^T1embered hetero- 
cyclic nng containing 1 to3 heteroatom(s) selected from nitrogen, sulfur and oxygen atoms in addition 
tewartxwratBmsHafbenyl;. (»em>a^5«op6--«wei»*ered-lTetei^Glk^^^ 

(s) selected from nitrogen, sulfur and oxygen atoms in addition to carbon atoms which may have a 
C,^ alkoxyK^arbonyO-C,^ alkyl-carbonyl, (xxiv) a C^,^ aryl-oxy^rbonyl. (xxv) a carboxy-C, . alkyi 
or (xxvi) a carbamoyl], ^ v / t i-6 •"■^y 

(20) a group represented by Foimula -C(=0)NRcRd [each of Rc and R- is (i) a hydrogen atom (ii) a 
alkyi. ("0 a (5- or 6-membered heterocyclic ring containing 1 to 3 heteroatom(s) selected from 
nitrogen, sulfur and oxygen atoms In addition to carbon atoms)-C,^ alkyi, (iv) a carboxy-C,^ alkyi 
v) a alkoxy^rbonyl-C,^ alkyi, (vi) a di-C,^ alkylamino-C^^ alkyi, (vii) a carbamoyK;,;! alkyi' 
(VIII) a alkylcarbamoyl-C,^ alkyi. (ix) a (5- or 6-membered heterocydfc group containin?! to 3 
heteroatom(s) selected from nitrogen, sulfur and oxygen atoms-Ci^ alkyi carbamoyl)-C, c alkyi (x) 
a (5- or frmembered heterocydfc group containing 1 to 3 heteroatom(s) selected from nitrogen sulfur 
and oxygen atoms in addition to carbon atoms)-amino-C,^ alkyi, (xi) a sulfamoyl-C.. . aryl-C,^ alkyi 
(XII) a C^,^ aryl which may have a C,^ alkoxy, (xiii) a C,^ alkyl-Ce.^ aryl whfch have an opftjnally; 
C,^ alkyl-estenfied phosphono group, (xiv) a 4- to lO-mombere heterocycHc ring containing 1 to 3 
heteroatom(s) selected from nitrogen, sulfur and oxygen atoms in addition to carbon atoms [this het- 
erocydic group nf«y have 1 to 2 substituent(s) selected fr^m a halogen atom. C, - alkyi and oxol or 
(xv)aC6.„aiyl-carbamoyl-C,^alkyl; i-o j i 

(ii) a 5- to 14-membered heterocydfc group containing 1 to 4 heteroatom(s) selected frwn nitrogen sulfur 
arid oxygen atoms in addition to carbon atoms whfch may contain 1 to 3 substituent(s) selected from the 
following (1) to (8): 

(1) a halogen atom, 

(2) a C, ^ alkyi group [this alkyi may have a substituent selected from caiboxy, C. ^ alkoxy C.^ alkoxy- 
carbonyl. mono-C,^ alkyl-amino. di-C,^ alkyl-amino. carbamoyl. C,.^ alkyl-c?rbamoyl whfch may 
have a hydroxy, 4- to 10-membered heterocydic group containing 1 to 3 heteroatom(s) selected from 
nitrogen, sulfur and oxygen atoms in addition to carbon atoms which may have oxo (4- to 10-mem- 
bered heterocydfc ring containing 1 to 3 heteroatom(s) selected from nitrogen, sulfur and oxygen 
atoms in addition to carbon atoms)-cart)amoyl, carbamoyl-C, . alkyl-carbamovll 

(3) a C,^ alkoxy group, 

(4) a C6.,4 aryl group, 

(5) a C7.16 aralkyi group (this C^.ig aralkyi group may have a substituent selected from carboxy C. « 
alkoxy-carbonyl. carbamoyl. C,^ alkyl-carbamoyi whidi may have a hydroxy, (4- to 10-membered 
heterocyclic ring containing 1 to 3 heteroatom(s) selected from nitrogen, sulfur and oxygen atoms in 
addition to carbon atoms)-caibamoyl], 

(6) a 4- to 10-membered heterocydfc group containing 1 to 3 heteroatom(s) selected from nitrogen 
sulfur and oxygen atoms in addition to carbon atoms [this 4- to lOnnembered heterocydfc group may 
have a substituent selected from a C,^ alkyi. C,^ alkoxyorbonyl. carbamoyl, 0x0, 4- to 10-mem- 
bered heterocydfc group containing 1 to 3 heteroatom(s) seleded from nitrogen, sulfur and oxygen 
atoms in addition to carbon atoms], 

(7) an 0x0 group, 

(8) an oxide group; 

(iii) a Cg^ cydoalkyi group; or, 

(Iv) a group represented by Formula: -L'-Rl«' (L' is methylene, carbonyl or -NH-, Ria' is (1 ) a hydrogen 
atom. (2) a Cg.^^ aryl group which may have 1 to 5 substituent(s) selected from a C, g alkyi and C.^ 
alkoxy, (3) a hydroxy group whfch may be substituted by a C,^ alkyi group. (4) a C,^ alkyl-amino 
group whch may be subsUtuted by a 4- to 1 0-membered heterocydfc ring containing 1 to 3 heteroatom 
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(s) selected from nitrogen, oxygen and sulfur atoms in addition to carbon atoms, (6) a C6.14 aryl-amino 
group or (7) a (4- to 10-membered heterocyclic ring containing 1 to 3 heteroatom(s) selected from 
nitrogen, oxygen and sulfur atoms in addition to carbon atoms)-amino group). 

each of R2 and R3 Is (i ) a hydrogen atom, (2) an optionally halogenated C^^ alkyl group or (3) a C^^ alkoxy- 
carbonyi group, 

• R2 and R3 may be taken together with the adjacent carbon atom to form a cycloalkane, 
R^ is (i) a hydrogen atom, (ii) a C^^ alkyl group [this C^^ alkyl group may have a substituent selected from 
(1) a halogen atom, (2) a cyano group, (3) a C,^ alkoxy group, (4) a hydroxy group. (5) an amino group, (6) 
a mono-C^^ alkylamino group, (7) a di-C^^ alkylamino group, (8) a tri-C^^ alkylammonium group, (9) a 4- to 
10-membered heterocyclic group containing 1 to 3 heteroatom(s) selected from nitrogen, sulfur and oxygen 
atoms in additwn to carbon-atom&which^Bay have an 0x0^ t"* 0)"aCg:|4 aiyfthiov(1'1*)^an^reklo» ft'2^a«Ga^ 
(13) a carbamoyl, (14) a C^^ alkoxy^^arbonyl, (15) a mono-Ci.6 alkyl-caibamoyi, (16) a formylamlno. (17) a 
C^^ alkyl-carboxamido] or (iii) a alkenyl group; 
X is a bond, oxygen atom, sulfur atom, -NH- or -N(methyl)-. 
R5 is, 

when X Is a bond, then (i) a hydrogen atom, (ii) a C,^ alkyl group or (III) a halogen atom, 
when X is an oxygen atom, then (I) a hydrogen atom, (ii) a C^^ alkyl group [this C,^ alkyl group may have a 
substituent selected from (1) a halogen atom, (2) a hydroxy group, (3) an amino group, (4) a carboxy, (5) a 
carbamoyl, (6) a C^^ alkoxy-carbonyl, (7) a mono-C,^ alkyl-carbamoyi, (8) a di-C^^ alkyl-carbamoyi, (9) a 4- 
to 1 0-membered heterocyclic group containing 1 to 3 heteroatom(s) selected from nitrogen, sulfur and oxygen 
atoms in additfon to carbon atoms which may have an 0x0], (iii) a Cg^ alkenyl group [this Cg^ alkenyl group 
may have a 0^,^^ aryl], (iv) a Cg^ alkynyl group, (v) a cycloalkyl group, (vi) a Cy.^g aralkyi group, (vii) a 
alkyl-carbonyl group, (viii) a C^^^^ aryl-carbonyl group, (ix) a C^^ alkoxy^rbonyl group, (x) a mono- or 
di-Ci^ alkyl-thiocarbamoyl group, (xi) an optionally halogenated C^^ alkyl-sulfonyl group or (xii) a 4- to 
10-membered heterocyclic group containing 1 to 4 heteroatom(s) selected from nitrogen, sulfur and oxygen 
atoms in addition to carbon atoms [this heterocyclic group may have a Ce-14 arylj, 
when X is a sulfur, then (i) a C^^ alkyl group or (ii) a mono- or di-C^^ alkyl-carbamoyi group, 
when X Is -NH- or -N(methyl)-, then (i) a hydrogen atom, (ii) a C^^ alkyl group [this C^^ alkyl group may have 
a C^^ alkoxy-carbonyl], (iii) formyl, (iv) a C^^ alkyl-carbonyl group, (v) a alkoxy carbonyi group, (vi) a 
carbamoyl group, (vii) a mono- or di-C^^ alkyl-carbamoyi group or (viii) a C^^ alkyl-sulfonyl group, 
each of R® and R^ Is a hydrogen atom or C^^ alkyl group, 

R6 and R^ may be taken together with the adjacent carbon atom to fomi a cycloalkane, 

each of R^ and R9 is a hydrogen atom or a C^^ alkyl group, 

Y is a methylene group whfch may have a hydroxy group or carbonyi group, 

n is 0 or 1 . 

[14] the compound according to the above-mentioned [2] wherein each of R^ and R^ is a C^^ alkyl group. 
[15] the compound according to the above-mentioned [2] wherein R^ is a hydrogen atom, 
[16] the compound according to the above-mentioned [2] wherein each of R^ and R^ is a C^^ alkyl group. 
[1 7] the compound according to the above-mentioned [2] wherein each of R^ and R^ is a hydrogen atom, 
[18] the compound according to the above-mentioned [2] wherein n is 0, 

[1 9] (i) 2-(Methylsulfinyl)-N-[3-(3,4,8,9-tetrahydro-6-methoxy-3,3,8,8-tetramethylfuro[2,3-h]isoquinolin-1 -yl)phe- 
nyl]acetamide, (ii) N-(methylsulfonyl)-N-[3-{3,4,8,9-tetrahydro-6-methoxy-3,3,8,8-tetramethylfuro[2,3-h]isoquino- 
lin-1-yI)phenyl]methanesulfonamide, (iii)N-[2-(4-pyridinyl)ethyl]-3-(3,4,8.9-ietfahydro-6-methoxy-3,3,8:8-tetrame- 
thylfuro[2,3-h]isoquinolin-1-yl)benzamide, (iv) N-(2-amino-2-oxoethyl)-3-(3,4,8,9-tetrahydro-6-methoxy-3,3,8,8- 
tetramethylfuro[2,3-h]isoquinolin-1-yl)benzamide, (v) N-methyl-3-(3,4,8,9-tetrahydro-6-methoxy-3,3,8,8-tetrame- 
thylfuro[2.3-h]isoquinolin-1-yl)ben2amide, (vi) N-ethyl-3-(3,4,8,9-tetrahydro-6-fnethoxy-3,3.8,8-tetramethylfuro 
[2,3-h]isoquinolin-1-yl)benzamide, (vii) N-[3'-(3,4,8,9-tetrahydro-6-methoxy-3,3,8,8-tetramethylfuro[2,3-h]isoquin- 
olin- 1 -yl)[1 , 1 •-biphenylJ-3-yl]acetamide, (viii) N-(2-amino-1 , 1 -dimethyl-2-oxoethyl)-3-(3,4,8.9-tetrahydro-6-meth- 
oxy-3,3,8,8-tetramethylfuro[2,3-h]isoquinolin-1-yl)ben2amide, {ix)3-(6-ethoxy-3.4,8.9-tetrahydro-3,3,8,8-tetrame- 
thyIfuro[2,3-h]isoquinolin-1-yl)-N-methylben2amide, (x) N-(2-amino-2-oxoethyl)-3-(6-ethoxy-3,4,8,9-tetrahydro- 

3.3.8.8- tetramethylfuro[2,3-h]isoquinolin-1-yl)benzamide, (xi) N-(2-amino-1 ,1 -dimethyl-2-oxoethyl)-3-(6-ethoxy- 

3.4.8.9- tetrahydro-3.3,8,8-tetramethylfuro[2,3-hlisoquinolin-1-yl)ben2amide, (xii) N-[3-(6-ethoxy-3:4,8,9-tetrahy- 
dro-3,3,8.8-tetramethylfuro[2,3-h]isoquinolin-1-yl)phenyQmethanesulfonamlde, (xiii) N-(hydroxymethyl)-3-(3,4,8, 
9-tetrahydro-6-fnethO)y-3,3.8,8-tetramethylfuro[2,3-h]isoquinolin-1 -yObenzamide or Its salts. 

[20] a prodrug of a compound according to the above-mentioned [2], 

[21] a process for producing a compound having a partial structure represented by Fomiula: 
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wherein Ri Is defined as described in the above mentioned [2], or a salt thereof, comprising: 
(1 ) reacting a compound having a partial structure represented by Fomiula: 




whereinRiOisan optionally substituted vinylgrouporallylgroup.orasalttf^^ 

by Fomiula: Ri-CN or Fomiula: Ri-CONHg wherein Ri is defined as described above or a salt thereof or, 
(2) reacting a compound having a partial structure represented by Fomiula: 




wherein RH is an optionally substituted methyl group, 2 is an optionafly substituted hydroxy group or halogen atom 
or a salt thereof with a compound represented by Fomiula: Ri<)N wherein Ri is defined as described above or a 
salt thereof, 

[22] a process for producing a compound according to the above-mentioned [2] comprising: 
reacting a compound represented by Fomiula: 




wherein each symbol is defined as described in the above-mentioned [2] or a salt thereof with a compound 
represented by Formula: R1<:n or Fomnula: Ri-CONHg wherein Ri Is defined as described in the above- 
mentioned [2] or a salt thereof, or, 
reacting a compound represented by Fomiula: 
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wherein Z is an optionally substituted hydroxy group or halogen atom, and other symbols are deHned as described 
in the above-mentioned [2] or a salt thereof with a compound represented by Forniula: -CN wherein is defined 
as described in the above-mentioned [2] or a salt thereof, 

[23] a phosphodiesterase IV inhibitor comprising a compound having a partial structure represented by Fomiula: 




wherein is a single bond or double bond or a salt thereof, 

[24] a phanmaceutical composition comprising a compound according to the above-mentioned [1 J or a salt thereof, 
[25] a phamiaceutical composition comprising a compound according to the above-mentioned [2] or a salt or 
prodrug thereof, 

[26] the phanfnaceutical composition according to the above-mentioned [24] or [25] which is a phosphodiesterase 
IV inhibitor, 

[27] the pharmaceutical composition according to the above-mentioned [23] to [26] which is a prophylactic or 
therapeutic agent against inflammatory diseases, 

[28] the phannaceutical composition according to the above-mentioned [23] to [26] which is a prophylactic or 
therapeutic agent against asthma, chronic obstructive pulmonary disease (COPD), rheumatoid arthritis, autoim- 
mune disease or diabetes, 

[29] a phanmaceutical comprising (1) a compound having a partial structure represented by Fonnula: 




wherein — is a single bond or double bond or a salt thereof in combination with (2) a drug selected from antiaslhma 
agents, antiallergic agents, anticholinergicagents, antiinflammatory agents, antibacterial agents, antifungal agents 
and antidiabetic agents, 

[30] a phanmaceutical comprising (1 ) a compound according to the above-mentioned [1 ] or a salt thereof in com- 
bination with (2) a drug selected from antiasthma agents, antiallergic agents, anticholinergic agents, antiinflam- 
matory agents, antibacterial agents, antifungal agents and antidiabetic agents, 

[31 ] a phannaceutical comprising (1 ) a compound according to the above-mentioned [2] or a salt or prodrug thereof 
in combination with (2) a drug selected from antiasthma agents, antiallergic agents, anticholinergic agents, anti- 
inflammatory agents, antibacterial agents, antifungal agents and antidiabetic agents, 

[32] the pharmaceutical according to the above-mentioned [29] to [31] which is a prophylactic or therapeutic agent 
against inflammatory diseases, 

[33] the pharmaceutical according to the above-mentioned [29] to [31] which is a prophylactic or therapeutic agent 
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against asthma, chronic obstructive pulmonary disease (COPD). rheumatoid arthritis, autoimmune disease or di- 

aoetes, 

[34] Escherichia coli BL21/pPDE4D3 (PERM BP-7075), 

[35] a method for inhibiting a phosphodiesterase IV comprising administering an effecUve amount of a compound 
having a partial structure represented by Foimula: 




(A-1) 

wherein ^ is a single bond or double bond or a salt thereof to a mammal 

[36] a method for preventing or treating inflammatory diseases comprising administering an effective amount of : 
compound having a partial structure represented by Formula: 




(A-1) 

wherein ^ is a single bond or double bond or a salt thereof to a mammal. 

[37] a method for preventing or treating asthma, chronic obstructive pulmonary disease (COPD) rtieumatoid ar- 
thrtis autoimmune disease or diabetes comprising administering an effective amount of a compound having a 
partial stracture represented by Formula: 




(A-1) 



wherein ^ is a single bond or double bond or a salt thereof to a mammal 
[38]amethodforinhibitingaphosphodiesteraselVcomprisingad 
according to the above-mentioned [1 ] or a salt thereof to a mammal, 

[39J a method for preventing or treating inflammatoiy diseases comprising administering an effective amount of 
the compound according to the above-mentioned [1 J or a salt thereof to a mammal 

hSir ""T"^ preventing or treating asthma, chronic obstnjcdve pulmonary disease (COPD). rtieumatoid ar- 
hnus. autoimmune disease or diabetes comprising administering an effective amount of the compound according 
to the above-mentioned [1] or a salt thereof to a mammal, ^ 
[41 ] a method for inhibiting a phosphodiesterase IV comprising administering an effective amount of theoompound 
according to the above-mentioned [2J or a salt or prodrug thereof to a mammal. 

[42] a method for preventing or treating inflammatory diseases comprising administering an effective amount of 
he compound according to the above-mentioned [2] or a salt or prodrug thereof to a mammal 
43 a method for preventing or treating asthma, chronic obstmctive pulmonary disease (COPD). rtieumatoid ar- 
thnt«. autoimmune disease or diabetes comprising administering an effective amount of the compound according 
to the above-mentioned [2] or a salt or prodrug thereof to a mammal. accoraing 
[44] a method for preventing or treating inflammatoiy diseases comprising administering (1 ) an effective amount 
of a compound having a partial structure represented by Formula: 
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wherein — is a single bond or double bond or a salt thereof In combination with (2) an effective amount of a drug 
selected from antiasthma agents, antiallergic agents, anticholinergic agents, antiinflammatory agents, antibacterial 
agents, antifungal agents and antidiabetic agents to a mammal, 
[45}^^a method'for prevetitingor treatfngastl^rnarchr^ 

thritis, autoimmune disease or diabetes comprising administering (1) an effective amount of a compound having 
a partial stmcture represented by Fonnula: 




(A-1) 

wherein — is a single bond or double bond or a salt thereof in combination with (2) an effective amount of a drug 
selected from antiasthma agents, antiallergic agents, anticholinergic agents, antiinflammatory agents, antibacterial 
agents, antifungal agents and antidiabetic agents to a mammal, 

[46] a method for preventing or treating inflammatory diseases comprising administering (1 ) an effective amount 
of the compound according to the above-mentioned [1] or a salt thereof in combination with (2) an effective amount 
of a dnjg selected from antiasthma agents, antiallergic agents, anticholinergic agents, antiinflammatory agents, 
antibacterial agents, antifungal agents and antidiabetic agents to a mammal. 

(47] a method for preventing or treating asthma, chronic obstmctlve pulmonary disease (COPD). riieumatoid ar- 
thritis, autoimmune disease or diabetes comprising administering (1) an effective amount of the compound ac- 
cording to the above-mentioned [1 ] or a salt thereof In combination with (2) an effective amount of a drug selected 
from antiasthma agents, antiallergic agents, anticholinergic agents, antiinflammatory agents, antibacterial agents, 
antifungal agents and antidiabetic agents to a mammal. 

[48] a method for preventing or treating inflammatory diseases comprising administering (1) an effective amount 
of the compound according to the above-mentioned [2] or a salt or prodmg thereof in combination with (2) an 
effective amount of a drug selected from antiasthma agents, antiallergic agents, anticholinergic agents, antiinflam- 
matory agents, antibacterial agents, antifungal agents and antidiabetic agents to a mammal, 
[49] a method for preventing or treating asthma, chronic obstmctive pulmonary disease (COPD), rheumatoid ar- 
thritis, autoimmune disease or diabetes comprising administering (1) an effective amount of the compound ac- 
cording to the above-mentioned [2] or a salt or prodrug thereof in combination with (2) an effective amount of a 
drug selected from antiasthma agents, antiallergic agents, anticholinergic agents, antiinflammatory agents, anti- 
bacterial agents, antifungal agents and antidiabetic agents to a mammal. 
[50] a use of a compound having a partial stmcture represented by Formula: 




(A-1) 

wherein ^ Is a single bond or double bond or a salt thereof for producing a phosphodiesterase IV inhibitor. 
[51 ) a use of a conpound having a partial structure represented by Fonnula: 



22 



EP 1 270 577 A1 



10 



15 



25 



30 



35 



40 




(A-1) 

wherein is a single bond or double bond or a salt thereof for producing a prophylactic or therapeutic aqent 
against Inflammatory diseases, 

p2]=a use^of-aeon)po«nd.ha\rtng^paflia^^^^^ by-Forniula- ^ 




wherein — Is a single bond or double bond or a salt thereof for producing a prophylactic or therapeutic agent 
against asthma, chronic obstructive pulmonary disease (COPD). rheumatoid arthritis, autoimmune disease or di- 
abetes, 



[53] a use of the compound according to the above-mentioned (1 J or a salt thereof for producing a phosphodieste- 
rase IV inhibitor, 

[54J a use of the compound according to the above-mentioned [1 ] or a salt thereof for producing a prophylactic or 
therapeutic agent against inflammatory diseases, 

[55] a use of the compound according to the above-mentioned [1] or a salt thereof for producing a prophylactic or 
therapeutic agent against asthma, chronic obstructive pulmonary disease (COPD), rheumatoid arthritis autoim- 
mune disease or diabetes, 

[56] a use of the compound according to the above-mentioned [2] or a salt or prodrug thereof for producing a 
phosphodiesterase IV inhibitor, 

[57] a use of the compound according to the above-mentioned [2] or a salt or prodrug thereof for producing a 
prophylactic or therapeutic agent against inflammatory diseases, 

[58] a use of the compound according to the above-mentioned [2] or a salt or prodrug thereof for producing a 
prophylactic or therapeutic agent against asthma, chronic obstructive pulmonary disease (COPD), rheumatoid 
arthritis, autoimmune disease or diabetes, 
[59] a compound represented by Fonmula: 



45 



so 




55 



€1 



Wherein each of R2a and R3a is an optionally substituted aliphatic hydrocarbon group or acyl group. 

is a hydrogen atom, optionally substituted hydrocarbon group, acyl group or optionally substituted h vdroxv 
group, ' ^ 

R5a is an optionally substituted hydrocarbon group, acyl group, optionally substituted heterocyclic group 
halogen atom. 



or 
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Each of R6a, R7a^ R8a and is a hydrogen atom or optionally substituted hydrocarbon group. 
X« is a bond, oxygen atom, optionally oxidized sulfur atom or optionally substituted nitrogen atom, or by For- 
mula: 




wherein each of R2a and R^a is an optionally substituted aliphatic hydrocarbon group or acyl group, 

R4a is a hydrogen atom, optionally substituted hydrocarbon group, acyl grouper optionally substituted hydroxy 

group, 

R5a is an optionally substituted hydrocarbon group, acyl group, optionally substituted heterocyclic group or 
halogen atom, 

Each of R6a, R7a^ R8a and R9a is a hydrogen atom or optionally substituted hydrocarbon group, 

is a bond, oxygen atom, optionally oxidized sulfur atom or optionally substituted nitrogen atom, 
Z is an optionally substituted hydroxy group or halogen atom, or a salt thereof, 

[60] the compound according to the above-mentioned [59] 
wherein: 



each of R2a and R2b is any of the following (i) to (ii): 

(i) a C^^ alkyl group or C^^ cycloalkyi group which may have 1 to 5 subslituent(s) selected from the group 
(hereinafter referred to as Substituent Group B) consisting of (1 ) a halogen atom. (2) a 0^.3 alkylenedioxy 
group. (3) a nitro group, (4) an optionally halogenated C^.q alkyl group, (5) a cycloalkyi group. (6) a 
^6.14 ^¥ group. (7) an optionally halogenated C^^ alkoxy group. (8) an optionally halogenated C^^ 
alkylthio group, (9) a hydroxy group, (10) an amino group, (11) a mono-Ci.6 alkylamrno group. (12) a 
mono-C6.^4 aiylamino group, (13) a dl^C^^ alkylamlno group. (14) a di-C6.i4 arylamino group, (16) an 
acyl group selected from formyl. carboxy. carbamoyl, C^^ alkylK^arbonyl, cycloalkyi -carbony I. g 
alkoxy-carbonyl, Ce.^ aryrl-carbonyl. C7.16 aralkyl-carbonyl. Cg^u aryloxy^arbonyl, Cj,^q aralkyloxy-car- 
bonyl, (6- or 6-membered heterocycle having, in addition to carbon atoms, 1 to 3 heterDatom(s) selected 
from nitrogen, sulfur and oxygen atoms)-carbonyL mono-q.6 alkyl-carbamoyi, dl-C^^ alkyl carbamoyl. 
^6-14 aryl-carbamoyl. a (5- or 6-membered heterocycle having, in addition to carbon atoms, 1 to 3 heter- 
oatom(s) selected from nitrogen, sulfur and oxygen atoms)-carbamoyl, C^^ alkyl-thiocarbonyl, cy- 
cloalkyl-thiocarbonyl, C^^ alkoxy-thiocarbonyl, Cq.^^ aryl-thiocarbonyl, Cj^^q aralkyi-thiocarbonyl. Cq ^4 
aryloxy-thiocarbonyl, 07.^5 aralkyloxy-thiocarbonyl. a (5- or 6-membered heterocycle having, in addition 
to carbon atoms. 1 to 3 heteroatom(s) selected from nitrogen, sulfur and oxygen atoms)-thiocarbonyl, 
thiocarbamoyl, mono-C^^ alkyl-thiocarbamoyl. di-C^^ alkyl-thiocarbamoyl, Ce.^ aryl-thiocarbamoyl. (5- 
or 6-membered heterocycle having, in addition to carbon atoms, 1 to 3 heteroatom(s) selected from ni- 
trogen, sulfur and oxygen atoms)-thiocarbamoyl, mono-C^^ alkylsulfamoyi, di-C^^ alkylsulfamoyi, Cg 14 
arylsulfamoyi, C^.g alkylsulfonyl. Cq^^^ arylsulfonyl, C^^ alkylsulfinyl. C^^^ arylsulfinyl, sulfino, sulfo. c]^ 
alkoxysulfinyl, C^.^^ aryloxysulfinyl, C^^ alkoxysulfonyl and Cq^^^ aryloxysulfonyl, (1 6) an acylamino group 
selected from fomiylamino, C^^ alkyl-carboxamido, Cq.^^^ aryl^arboxamido, C^^ alkoxyK^aiboxamido, 
C^^ alkylsulfonylamino and C6.14 arylsulfonylamino, (17) an acyloxy group selected from C^^ alkyl-car- 
bonyloxy, Cq.^^ aryl-carbonyloxy, C^^ alkoxy-carbonyloxy, mono-C^^ alkyl-carbamoyloxy, di-Ci^ alkyl- 
carbamoyloxy. C^^^ aryl-carbamoyloxy and nicotinoyloxy. (18) a 4- to 14-membered heterocyclic group 
having, in addition to carbon atoms. 1 to 3 heteroatom(s) selected from nitrogen, sulfur and oxygen atoms. 
(19) a phosphono group. (20) a Cq^^^ aryloxy group. (21 ) a di-C^^ alkoxy-phosphoryl group. (22) a Cg-ii 
arylthio group. (23) a hydrazine group. (24) an imino group, (25) an 0x0 group, (26) an ureido group, (27) 
a C,^ alkyl-ureido group. (28) a di-C^^-alkyl-ureido group, (29) an oxide group and (30) a group formed 
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by binding 2 or 3 groups selected from (1) to (29) Hsted above 

(ii) an acyt group sete^ed from fotmyl. carboxy. caibamoyl. C,;^ alkyl-cartoonyl. C^^ cycloallcyl-carbonyl 
C,^alkoxy-carbonyl. C6.„afyl-cart)onyl. C^.^s aralkyl-carbonyl. Ce.^ aryloxy-carbonyl. C, aralkyloxy- 
carbonyl. (5- or6-membered heterocyde having, in addition to carbon atoms. 1 to 3heteroatom(s) selected 
^om nitrogen sulfur and oxygen atoms)-carbonyL mono-C,^ alkyl-catbamoyl. di^,^ alkyl<art)amoyl 
Cs.u aryl^ftamoyl, (5- or 6-membered heterocyde having, in addition to carbon atoms 1 to 3 heter- 
"TZ^fl^^^ atomsKarbamoyI, C,^ alkylthiocartonyl, C, ^ cy- 

doalkyl-th.oca*onW. C,^ alkoxy-thiocartonyl. C^,, an,l-thiocart>onyl, C,.,e aralkyl-thiocartjonyifl T-* 
a(yloxy-th.ocaibonyl. C^.,^ araikyloxy-thiocartjonyl. (5- or 6-membered heterocyde having. In additio^to 
carbon atoms, 1 to 3 heteroatom(s) selected from nitrogen, sulfur and oxygen atomsHhiocarbonyl thio- 
carbamoyl. mono-C^^alkyl-thlocarbamoyl. di-C,^ alkyl-thiocaibamoyl. Cg.^ aryl-thiocaibamoyl. (5- or 
e^Tierabere#hete««ycte=havingrin«ddition^ta€art^ 

sulfur and oxygen atoms)-thiocafbamoyl, mono-C,^ alkylsulfamoyl. di-C,^ alkylsulfamoyl. C, aiylsul- 
famoyl. alkylsulfonyl. 0^,^ aiylsulfonyl. C,^ alkybulfinyl. C6.„ arylsulfinyl. sulfino. sulfo. c7« alkox- 
ysulfinyt, Cg.^ aryloxysulfinyl. C,.6 alkoxysulfonyl and Cg.^ aryloxysulfonyl. whldi may have 1 to 5 sub- 
stttuent(s).selected from Substltuent Group B described above; 

R*» Is (i) a hydrogen atom. 

, (ii) a C,^ alkyi group. Cj^ cydoalkyi group. Cg-u aryl group orC^.^s aralkyi group which may have 1 to 
5 substituent(s) selected from Substltuent Group B described above 

(iiO an acyl group selected from fomiyl, carboxy, carbamoyl, C,^ alkyl-carbonyi, C^^ cydoalkyl^arbonyl. 
q^alkojqf-carbonyl. C^.^ aryl^rbonyl, Cj.,^ aralkyl-carbonyl. Cg.^ aryloxy carbonyl, C, „ aralkyloxy- 
carbonyl, (5- or 6-membered heterocyde having, in addition to carbon atoms. 1 to 3 heteroatom(s) selected 
from nitrogen, sulfur ar,d oxygen atoms)^aibonyL mono-C,^ alkyl-carbamoyl. di-C,^ alkyl-carbamoyi 
C6.i4aryl-carbamoyl, (5- ore-membered heterocyde having, in addition to carbon atoms 1 to 3 heter- 
oatom(s) selected from nitrogen, sulfur and oxygen atoms)K:arbamoyl. C,^ alkyl-thiocarbonyl. C^^ cy- 
cloalkyl-thiocarbonyl. C,^ alkoxy-thiocarbonyl. Ce.,^ aryl-thiocarbonyl, C,.,6 aralkyl-thiocarbonyl. C« 
aryloxy-thiocarbonyl, C,.,6 aralkyloxy-thiocarbonyl. (5- or 6-membered heterocyde having. In additio^o 
carbon atoms. 1 to 3 heteroatom(s) selected from nitrogen, sulfur and oxygen atoms)-thiocaibonyl thio- 
carbamoyl. mono-C,^ alkyl-thlocarbamoyl. dl-C,^ alkyl-thiocarbamoyl, Cg.u aryl-thiocarbamoyi, (5- or 
6-membered heterocyde having. In addition to carbon atoms, 1 to 3 heteroatom(s) selected from nitrogen 
sulfur and oxygen atoms)-thiocarbamoyl, mono-C^^ alkylsulfamoyl, dl-C,^ alkylsulfamoyl, C.,. arylsul- 
famoyl, C,^ alkylsulfonyl, C^,^ arylsulfonyl, C,^ alkylsuinnyl. C^.^^ arylsulfinyl, sulfino. sulfo. C, . alkox- 
ysulfiny . C^,^ aryloxysulfinyl, C,^ alkoxysulfonyl and C^.^^ aryloxysulfonyl. whidi may have 1 to 5 sub- 
stituent(s) selected from Substltuent Group 8 described above; 
(Iv) a group represented by Fonmula: -OR*^" 
(R<a"ls 

<1> a hydrogen atom, 

<2> a C,^ alkyI group, cydoalkyi group, C6.14 aryl group or C^.^^ aralkyi group which may have 
1 to 5 substituent(s) selected from Substltuent Group B described above, or, 
<3> an acyl group selected from formyl, carboxy, carbamoyl, C,^ alkyl-c^onyl. cycloalkyl^ar- 
boriy^, C,.6 alkoxy-cartjonyl. C^,^ aryl-cartjonyl. C^.,^ aralkyl-carbonyl. C^^ aiyloxy-cartDonyl, C, ,« 
aralkyloxy-carbonyl, (5- or 6-membered heterocyde having, in addition to carbon atoms 1 to 3 het- 
eroatom(s) seleded from nitrogen, sulfur and oxygen atoms)-carbonyl, mono-C, e alkyl-carbamoyl 
di-C,^ alkyl-carbamoyl, C6.14 aryl-carbamoyi, (5- or 6-membered heterocyde having, in addition to 
carbon atoms, 1 to 3 heteroatom(s) selected from nitrogen, sulfur and oxygen atoms)-carbamoyl C,^ 
alkyl-thiocart>onyl, cycloalkyl-thiocarbonyl, C,^ alkoxy-thiocarbonyl, 0^.,^ aryl-thiocarbonyl 
C7.I6 aralkyl-thiocarbonyl, Cg.^ aryloxy-thiocarbonyl, C7.16 aralkyloxy-thiocarijonyl, (5- or 6-mem- 
bered heterocyde having, in addition to carbon atoms, 1 to 3 heteroatom(s) selected from nitrogen 
sulfur and oxygen atoms)-thiocart3onyl, Ihiocarbamoyl. mono-C,^ alkyl-thiocarbamoyl. dl-C, , alkyl- 
thiocarbamoyl, Cg.^ aryl-thiocarbamoyi, (5- or 6-membered heterocyde having, in Addition to carbon 
atoms. 1 to 3 heteroatom(s) selected from nitrogen, sulfur and oxygen aloms)-thiocarbamoyl mo- 
no-C,^ alkylsulfamoyl, di-C,^ alkylsulfamoyl, C6.14 arylsulfamoyi, C,^ alkylsulfonyl, Cg.^ arylsulfo- 
nyl. alkylsulfinyl. C6.,4 arylsulfinyl, sulfino. sulfo. C,^ alkoxysulfinyl, C6.,4 aryloxysulfinyl C. . 
alkoxysulfonyl and C^^^ aryloxysulfonyl. whwh may have 1 to 5 substltuent(s) selected from Substlt- 
uent Group B described above); 
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R5 is any of the following (f) to (iv): 



(0 a alkyi group. Cg^ cycloalkyi group. C^^u aryl group or Cy.^g aralkyi group which may have 1 to 
5 substrtuent(s) selected from Substrtuent Group B described above, 

(ii) an acyl group selected from formyl, cartooxy, carbamoyl, C^^ alkyl^artonyl, cycloalky(<:arbonyl. 
C^^alkoxyK^rtJonyl, Cg.^^ aryl^arbonyl. Oy,^^ aralkyl-carbonyl, Cg^u aryloxy-cartonyl, Cy,^^ aralkyloxy- 
carbonyl, (5- or 6-membered heterocycle having, in addition to carbon atoms. 1 to 3 heteroatom(s) selected 
from nitrogen, sulfur and oxygen atoms)<)afbonyK mono-C^^ alkyl^rbamoyl, di-C^^ alkyI caibamoyi, 
^6-14 aryl^arbamoyl, (5> or 6-membered heterocycle having, in addition to carbon atoms, 1 to 3 heter- 
oatom(s) selected from nitrogen, sulfur and oxygen atoms)-carbamoyl. C^^ alkyl-thiocarbonyl. C^g cy- 
cloalkyl-thlocarbonyl. C^^ alkoxy-thiocarbonyi, Cg.^^ aryl-thiocarbonyl, Cy.^g aralkyl-thiocarbonyl Cg 
aiyloxy-thioGarbonyl-G7.^6-aralkyk)xy4hiocarbonyl/(5-^r6^ 

carbon atoms, 1 to 3 heteroatom(s) selected from nitrogen, sulfur and oxygen atoms)-thiocarbonyl thio- 
carbamoyl, mono-Ci^ alkyl-thiocarbamoyi, dl-Ci^ alkyl-thiocarbamoyl. Cg^u aryl-thlocarbamoyl. (5- or 
6-membered heterocycle having, in addition to carbon atoms, 1 to 3 heteroatom(s) selected from nitrogen, 
sulfur and oxygen atoms)-thiocarbamoyl. mono-Ci^ alkylsulfamoyi, di-C^^ alkylsulfamoyi, arylsul- 
famoyl, C^^ alkylsulfonyl, Cg.14 arylsulfonyl, C^^ alkylsulfinyl, Cg.14 arylsulfinyl, sulfino. sulfo. C^^ alkox- 
ysulfinyl, Cg.^^ aryloxysulfinyi, alkoxysulfonyl and Cg.^^ aryloxysulfonyl. which may have 1 to 5 sub- 
stituent(s) selected from Substituent Group B described above, 

(iii) a 5- to 14-membered heterocyclic ring containing 1 to 4 heteroatom(s) selected from nitrogen, sulfur 
and oxygen atoms in addition to carbon atoms which may contain 1 to 5 substituent(s) selected from 
Substituent Group B described above, 

(iv) a halogen atom; 



each of R6a, R7a^ R8a and R9a is (i) a hydrogen atom or (ii) a C,^ alky! group, cycloalkyi group. Cg^.^ aryl 
group or Cj.^^ aralkyi group which may have 1 to 5 substituent(s) selected from Substituent Group B described 
above, 
Xa is 



(i) a bond, 

(ii) an oxygen atom. 

(iii) an optionally-oxidized sulfur atom. 

(iv) a nitrogen atom which may have a alkyI group. C2.6 alkenyl group. C2.6 alkynyl group. C3 g cy- 
cloalkyi group, C3.6 cycloalkenyl group, Cg.,^ aryl group or C^.^g aralkyi group which may have 1 to 5 
substituent(s) selected from Substituent Group B described above, 

(V) a nitrogen atom having an acyl group selected from formyl carboxy, carbamoyl; C^^ alkyl-carbonyl, 
cycloalkyl-carbonyl. C^^ alkoxy^rtjonyl, Cg.^^ aryl-carbonyl, Cy.^g aralkyl-carbonyl, Cg ^4 aryloxy ' 
cart)onyl, Cy.^g aralkyloxy-carbonyl, (5- or 6-membered heterocycle having, in addition to cart)on atoms, 
1 to 3 heteroatom(s) selected from nitrogen, sulfur and oxygen atoms)-carbonyl, mono-C^^ alkyi-car- 
bamoyl, dirC^^ alkyl-carbamoyl. 06.^4 aryl-carbamoyi, (5- or 6-membered heterocycle having, in addition 
to carbon atoms, 1 to 3 heteroatom(s) selected from nitrogen, sulfur and oxygen atoms)-carbamoyl, C.^ 
alkyl-thiocart)onyl, Ca^cycloalkyl-thlocarbonyl. C,^ alkoxy-thiocarbonyi, C^^^ aryl-thiocarbonyl, C7 \q ar- 
alkyl-thiocarbonyl. Cg.14 aryloxy-thiocarbonyl. C^.^q aralkyloxy-thiocarbonyi, (5- or 6-membere'd hetero- 
cycle having, in addition to carbon atoms, 1 to 3 heteroatom(s) selected from nitrogen, sulfur and oxygen 
atoms)-thlocarbonyi, thiocarbamoyl. mono-C^^ alkyl-thiocarbamoyl, di-Ci.g alkyl-thiocarbamoyl. 06.^4 ar- 
yl-thiocarbamoyl (5- or 6-membered heterocycle having, in addition to carbon atoms, 1 to 3 heteroatom 
(s) selected from nitrogen, sulfur and oxygen atoms)-thiocarbamoyl, mono-C^^ alkylsulfamoyi, di-C^ g 
alkylsulfamoyi, C^^^ arylsulfamoyi, C^.g alkylsulfonyl. C^^^ arylsulfonyl, 0^.6 alkylsulfinyl. Cg.^4 arylsulfi- 
nyl, sulfino. sulfo, C^^ alkoxysulfinyl. Cg.-,4 aryloxysulfinyi. C^^ alkoxysulfonyl and 06.^4 aryloxysulfonyl, 
which may have 1 to 5 substituent(s) selected from Substituent Group B described above, or. 
(vi) a nitrogen atom having a 5- to 14-membered heterocyclic group containing 1 to 4 heteroatom(s) se- 
lected from nitrogen, sulfur and oxygen atoms in addition to carbon atoms which may contain 1 to 5 sub- 
stituent(s) selected from Substituent Group B described abov^; 

Z is (i) a group represented by Fomiula: -OZ^ 
(Z^is 



<1> a hydrogen atom, 
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<2> a C,^ alkyi group, C2.6 alkenyl group, alkynyl group. cycloalkyi group, cycloalkenyl 
group. Cg-u aryl group or Cy.^g aralkyi group which may have 1 to 5 substituent(s) selected from Substrt- 
uent Group B described above, or, 

<3> an acyl group selected from formyl. carboxy, carbamoyl. C^^ alkyl-carbonyl. C^^ cycloalkyl^arbonyl 
C^^ alkoxyK:arbonyl. C^,^ aryl^arbonyl. C^.^g aralkyl^rbonyl. C^,^ aryloxy-carbonyl. C7 aralkyloxy- 
- ^ carbonyl. (5- or 6-membered heterocyde having, in addition to carbon atoms. 1 to 3 heteroatom(s) selected 
from nitrogen, sulfur and oxygen aloms)-carbonyr mono-Ci^ alkyl-carbamoyl. 6\-C,^ alkyl-carbamoyi 
Ce-u aryl^rbamoyl. (5- or 6-membered heterocyde having, in additioa to carbon atoms, 1 to 3 heter' 
oatom(s) selected from nitrogen, sulfur and oxygen atoms)-carbamoyl, C^^ alkyl-thiocarbonyl Cog cy- 
ctoalkyl-thiocarbonyl. C,^ alkoxy-thiocarbonyl, C^^^^ aryl-thiocarbonyl, Cj.^^ araikyl-thiocarbonyl 
aryloxy-thiocarbonyl. Cj,^^ aralkyloxy-thiocarbonyl. (5- or 6-membered heterocyde having. In addition to 
cartjon atomsv t to^3 heteroatom(s)-selectedtfrern^ftTOge!Ti SBtfoFand^>xygewatom^4hfOcarb©^^^^^^ 
carbamoyl, mono-Ci^ alkyl-thiocarbamoyl, di-C^^ alkyl-thiocarbamoyi, Cg-u aryl-thiocarbamoyi (5- or 
6-membered heterocyde having, in addition to carbon atoms. 1 to 3 heteroatom(s) selected from nitrogen 
sulfur and oxygen atoms)-thiocarbamoyl. mono-C^^ alkylsulfamoyl. di-C^^ alkylsulfamoyi, C6.u arylsul' 
famoyl. C,^ alkylsulfonyl. C^^^ arylsulfonyl. C^^ alkylsulfinyl. Cg.^^ arylsulfinyl. sulfino. sulfo, C^^ alkox- 
ysulfinyl, Cg^u aryloxysulfinyl. C,^ alkoxysulfonyl and C^^^ aryloxysulfonyl. which may have 1 to 5 sub- 
stituent(s) selected from Substltuent Group A described above) or (II) a halogen atom group, 

[61] the connpound according to the above-mentioned [59] 
wherein: 

each of R2a and R^a is (1 ) a alkyI group which may be substituted by <1 > a halogen atom. <2> a hydroxy 
group which may be substituted by a substituent selected from a alkyl, C,^ alkylKjarbonyl. C,^ alkylsul- 
fonyl and C7.16 aralkyi, <3> an amino group which may be substituted by 1 or 2 C^^ alkyl, C^^ alkyl-carbonyl 
and C6.14 aryl-carbonyl, <4> a 4- to 1 0-membered heterocyclic group containing 1 to 3 heteroatom(s) seleded 
from nitrogen, oxygen and sulfur atoms in addition to carbon atoms. <5> a thio group which may be substituted 
group^ ^^"^ ^ ^^'^ alkyl-sulfinyl group or <7> a C,^ alkyl-sulfonyl group or (2) a C^^ alkoxy-carbonyl 

is (i) a hydrogen atom, (ii) a C^^ alkyl group [this C^g alkyl group may have a substituent selected from 
(1 ) a halogen atom. (2) aCi^alkoxy group, (3) a hydroxy group. (4) an amino group. (5) amono-C^^alkylamino 
group. (6) a di-C^^ alkylamino group, (7) a 4- to 1 0-membered heterocydic group containing 1 to 3 heteroatom 
(s) selected from nitrogen, sulfur and oxygen atoms in addition to carbon atoms which may have an 0x0 (8) 
a Cg.,4 arylthio, (9) an ureido. (10) a carboxy. (11) a carbamoyl. (12) a C,^ aIkoxy<arbonyl. (13) a mono<:, . 
alkyl-carbamoyl. (1 4) a formylamlno and (1 5) a C^^ alkyl-carboxamido] or (ill) a formyl group; 
Is a bond, oxygen atom, optionally oxidized sulfur atom. -NH- or -NfmethvO- 

RSais. 

When X« is a bond, then (I) a C^^ alkyl group or (ii) a halogen atom, 

when Xa is an oxygen atom, then (i) a C^^ alkyl group [this C^^ alkyl group may have a substituent selected 
from (1) a halogen atom. (2) a hydroxy group. (3) an amino group, (4) a carboxy, (6) a carbamoyl. (6) a C.^ 
alkoxy-carbonyl, (7) a mono-C^^ alkyl-carbamoyl, (8) a di-C,^ alkyl^rbamoyl, (9) a 4- to 10-membered 
heterocydicgroup containing 1 to 3 heteroatom(s) selected from nitrogen, sulfur and oxygen atoms in addition 
to carbon atoms], (11) a C3.6 cycfoalkyi group, (iii) a Cy.^g aralkyi group, (iv) a C^^g alkyl-carbonyl group, (v) a 
Ce-u aryl-carbonyl group, (vi) a C,^ alkoxy-carbonyl group, (vil) a mono- or di-Gi^ alkyl-thlocarbamoyl group 
(vfii) an optionally hatogenated C^,^ alkyl-sulfonyl group or (ix) a 4- to lO-membered heterocydic group con- 
taining 1 to 4 heteroatom{s) selected from nitrogen, sulfur and oxygen atoms In addition to carbon atoms [this 
heterocyclic group may have a Gg.^4 aryl]. 

When X« is an optionally oxidized sulfur, then (i) a C.^^ a'M group or (Ii) a mono- or di-C. g alkyl<:arbamoyl 
group, ' ^ 

when Xa is -NH- or .N(methyl)-, then (i) a C^^ alkyl group [this C^^ alkyl group may have a C^^ alkoxy- 
carbonyl], (II) formyl, (iii) a C^^ alkyl-carbonyl group, (iv) a G^^ alkoxy^arbonyl group, (v) a carbamoyl group, 
(vi) a mono- or di-C,^ alkyl-carbamoyl group or (vii) a C^^ alkyl sulfonyl group, 
each of B^, R7a RSa and R9a is a hydrogen atom or C^^ alkyl group, 

2 is (I) a hydroxy group which may be substituted by a G^^ alkyl-carb'onyl or (ii) a halogen atom. 

[62] a use of the compound according to the above-mentioned [59] or a salt thereof for produdng the compound 
according to the above-mentioned [2] or a salt thereof. 
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[001 1 ] Furthermore, the invention also provides: 

[63) a compound having a partial structure represented by Formula: 



5 




wherein each of Ring A, Ring B and Ring C may have substrtuents or a salt thereof, 

[64] the compound according to the above-mentioned [63] wherein the substituents on Ring A. Ring B and Ring 
C are 1 to 5 substituent{s) selected from the group consisting of (1 ) an optionally substituted hydrocarbon group, 
(2) an optionally substituted heterocyclic group, (3) an optionally substituted amino group, (4) an acyl group, (5) 
an optionally substituted hydroxy group. (6) an optionally substituted sulfenyl group, (7) a halogen atom, (8) a 
lower alkylenedioxy group. (9) a nitro group, (10) a cyano group, (11) an optionally substituted imino group, (12) 
an oxo group, (13) an optionally substituted ureido group, (14) an azide group. (15) an optionally substituted amid- 
Ino group, (16) an optionally substituted guanidino group, (17) an optionally substituted hydrazine group and (18) 
an oxide group, 

[65] the compound according to the above-mentioned [64], in which the substituent is a group selected from Sub- 
stituent Group A, 

[66] the phannaceutical composition according to the above-mentioned [23] wherein Compound (A-1) is a com- 
pound represented by Formula: 



30 



35 




(i-i) 



40 



wherein — is a single bond or double bond and each of Ring A, Ring B and Ring C may have substltuent(s) or 
a salt thereof, 

[67] the phannaceutical composition according to the above-mentioned [23] wherein Compound (A-1) is a com- 
pound represented by Formula: 



45 



50 




(I'-l) 



wherein - is a single bond or double bond and other symbols are defined as described in Claim 2. 

[0012] Furthemiore. when any of Compounds (A), (I). (I"). (A-1). (1-1). (I'-l) or their salts contains asymmetric carbon 
atom in its structure, any of the optically active forms and racemic fonns is encompassed in the invention, and Com- 
pounds (A). (I). (0. {A-1). (1-1). (M) or their salts may be hydrates or anhydrides. 
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BEST MODE FOR EMBODYING THE INVENTION 

1001 3] A compound according to the invention has a partial structure represented by Formula: 



10 



15 



20 




^V^N (A) 



Which is represented typically by Fomiula: 




N (I) 



wherein each symbol is defined as described above. 

[001 4] In the fomiula shown above, each of Ring A, Ring B and Ring C may have a substitutable number of substit- 
25 uents in any substitutable positions. 

[0015] Each of such substituenls on Ring A, Ring 8 and Ring C is: 

(1) an optionally substituted hydrocarbon group, 

(2) an optionally substituted heterocyclic group, 
30 (3) an optionally substituted amino group, 

(4) an acyl group, 

(5) an optionally substituted hydroxy group, 

(6) an optionally substituted sulfinyi group, 

(7) a halogen atom (for example, fluorine, chlorine, bromine, iodine). 

55 ^8) a lower alkylenedioxy group (for example, a 0^.3 alkylenedioxy group such as methylenedioxy, ethylenedioxy. 

(9) a nitro group, 

(10) acyanogroup, 

(11) an optionally substituted imino group, 
^ (12) an 0x0 group, 

(13) an optionally substituted ureido group, 

(14) an azide group, 

(15) an optionally substituted amidino group, 

(16) an optionally substituted guanidino group, 

(1 7) an optionally substituted hydrazine group, 

(1 8) an oxide group and the Mice. 

P016] A hydrocarbon group in an "optionally substituted hydrocarbon group" employed as a substituent on Ring A 
Ring B and Ring C may for example be a linear or cyclic hydrocarbon group such as an alkyi group, alkenyl group' 
alkynyl group, cycloalkyi group, aryl group and aralkyi group, with a linear (straight or branched) or cyclic hydrocarbori 

TrZ r'"^ VM^'^l!''''' ^^""^ ^'^"'^•^ hydrocarbon group, aliphatic cyclic hydrocarbon group) being pre- 
ferred. Typically, those listed below are employed. 

(1) Linear hydrocartx)n groups: 

[0017] 

a) alkyI groups [preferably, lower alkyl groups (for example. C,.6 alkyl groups such as methyl, ethyl, propyl, iso- 



45 



so 



55 



> <EP 1270S77A1 J_> 



29 



EP 1 270 S77 A1 



propyl, butyl, isobutyl, sec-butyl, teit-butyl, pentyl, hexyl. etc.)], 

b) alkenyi groups [preferably, lower alkenyl groups (for example. alkenyl groups such as vinyl, allyl. isopro- 
penyl, 2-butenyl, 2-metfiyl-2-propenyl, 4-pentenyl, 5-hexenyl, etc.)J, 

c) alkynyl groups [preferably, lower alkynyl groups (for example, Cg^ alkynyl groups such as propargyl ethvnvl 
2-butynyl, 2-hexynyl)]. a/ • » » . 

\, (2) Alipftatlc cydfe hydrocartjon groups: 
[0018] 

a) cydoalkyi groups [preferably, lower cydoalkyl group (for example. Cg^ cydoalkyl groups sudi as cyclopropyl 
cyelobutylv eyclopentylv eydohexyl^; etc=>,veaGlvo<-whicl? may^be>f«sedwft^^ 

b) cycloalkenyl groups [preferably, lower cycloalkenyl group (for example. cydoalkenyl groups such as 1 -cy- 
dopropenyl, 1 -cyctobutenyl, 1 -cyclopentenyl, 1-cyclohexenyl, etc.). each of whteh may be fused with a benzene 
ring). 

(3) Aromatic hydrocarbon groups: 
[0019] 

aryl groups (for example, C6.14 aryl groups such as phenyl. 1 -naphthyl, 2-naphthyl. 1 -anthryl, 2-anthiyl. 9-anthfyl 
1-phenanthiyl. 2-phenanthryf, 3-phenanthiyl. 4-phenanthryl or 9-phenanthiyl, preferably phenyl group). 

(4) AralkyI groups: 
[0020] 

lower aralkyi groups (for example. C^.i^ aralkyi groups such as benzyl, phenethyl. diphenylmethyl. 1 -naphthylme- 
thyl. 2-naphthylmethyl. 2i)hen6thyl. 2.2-diphenylethyl. 1-phenylpropyl, 2-phenylpropyl. 3-phenylpropyl 4-phenvl- 
butyl, 6-phenylpentyl. preferably benzyl group). 

[0021] A substituent on each of the hydrocarbon groups listed above which is employed preferably may for example 
be 1 to 5. preferably 1 to 3 group(s) selected from the group (Substituent Group A) consisting of (1) a halogen atom 
(for example, fluonne. chlorine, bromine, todine), (2) a lower alkylenedioxy group (tor example, a , alkylene dioxy 
group such as methylenedioxy. ethylenedioxy, etc.). (3) a nitro group, (4) a cyano group. (5) an optionally halogenated 
lower alkyl group, (6) an optionally halogenated lower alkenyl group. (7) an optionally halogenated-lower alkynyl group 
(8) a lower cydoalkyl group (for example, a cydoalkyl group such as cydopropyl. cyclobutyl. cyclopentyl. cy- 
dohexyl. etc.), (9) a C^u aryl group (e.g., phenyl, 2-naphthyl, etc.). (1 0) an optionally halogenated lower alkoxy group 
(1) an optionally halogenated lower alkylthio group, (12) a hydroxy group, (13) an amino group, (14) a mono-lower 
alkylammo group (e.g., mono-C,^ alkylamino group such as methylamino, ethylamino, propylamino, isopropylamino 
butylamino, etc.), (15) a mono-Cs.,4i4 aiylamino group (e.g., phenylamino. 2-naphthylamino. etc.), (16) di-lower 
alkylamino group (e.g.. di-C,^ alkylamino group such as dimethylanBno, diethylamino. dipropylamino. dibutylamino. 
ethylmethylamino. etc.). (17) a di-Cg-u arylamino group (e.g., diphenylamino, di(2-naphthyl)amlno. etc ) (18) an acy'l 
group. (1 9) an acylamino group. (20) an acyloxy group. (21 ) a 4- to 1 4-membered heterocyclic group (preferably 4- to 
1 0-membered, more preferably 4- to 7-membered, especially 5- or 6-membered heterocyclic group) (e g 4- to 1 0-mem- 
bered more preferably 4- to 7-membered, espedally 5- or 6-membered heterocydfc group containing 1 to 4 heteroatom 
(s selected from nitrogen, sulfur, oxygen atoms and the like in addition to carbon atoms, such as 4-pyridyl. 2-thlenyl 
2-tuiyl, 2-thiazolyl, 3-indoIyl, moiphdino, piperazin-1-yl. piperldino, pyrrolidin-1 -yl. 2-lsoindolinyl. etc.), (22) a phospho- 
no group. (23) a Cs.„ aiyloxy group (e.g.. phenoxy). (24) a di-C^^ alkoxyphosphoryl group (e.g., dimethoxyphosphoiyl 
diethoxyphosphoryl. etc.), (25) a C^.,^ arylthio group (e.g.. phenylthio), (26) a hydrazino group. (27) an imino group" 
(28) an 0x0 group, (29) an ureido group, (30) a C,^ alkyl-ureido group (e.g.. methylureido, ethylureido), (31) a di-C J 
alkylureido group (e.g.. dimethylureido. diethylureido. etc.). (32) an oxide group. (33) a group fomied by binding 2 or 
3 groups selected from (1 ) to (32) listed above. 

[0022] An "optionally hatogenated lower alkyl group" in Substituent Group A described above may for example be 
a tower alkyl group which may have 1 to 3 halogen atom(s) (for example, fluorine, chlorine, bromine, iodine) (for ex- 
ample, a alkyl group'such as methyl, ethyl, propyl, isopropyl. butyl, isobutyl. sec-butyl, tert-bulyl. pentyl, hexyl 
etc.). and those exemplified typically are methyl, chloromethyl. ditluoromethyl. trichloromethyl. trifluoromethyl ethyl 
2-bromoethyl. 2,2,2-trifluoroethyl. propyl. 3.3,3-trifluoropropyl. isopropyl, butyl. 4.4.4-trifluorobutyl. isobutyl, sed-butyl' 
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tert-butyl, pentyl. isopentyl, neopentyl, 5.5,5-trifluoropentyl. hexyl, 6.6,6-trifliJOfDhexyl and the like 
[0023] An "opaonally halogenated lower alkenyl group- in Substituent Group A described above may for example 
be a lower alkeny group whch may have 1 to 3 halogen atom(s) (for example, fluorine, chlorine, bromine, iodine) (for 
example, a Cj^ alkenyl group such as vinyl, allyl. isopropenyl. 2-butenyl. 2-methyl-2-propenyl. 4-pentenyl. 5-hexenyl. 

\ i" -optionally halogenated lower alkynyl group" in Substituent Group A described above may for example be 

l^ZTT T ""^IH'"^ ' '° ' <'°^ •i^°'"!ne. iodine) (for 

example, a Cg^ alkynyl group such as propargyl, ethynyl. 2-butynyl, 2-hexynyl) 

[00251 An -optionally hatogenated lower alkoxy group" in Substituent Group A described above may for example be 
a lower alkoxy group whK^h n^y have 1 to 3 halogen atom(s) (e.g.. fluorine, chlorine, bromine, iodine) (for ex^'ple a 

.sopentyloxy. neopentylox,, etc..),.and>th^ 

r*"'""^" 3.3.3-trifIuoropropoxy. 4.4.4-triZrobuS5.5^SS^ 

loxy.6,6,6-tnfluorohexyloxy and the like. umuoiofjeiuy 

? halogenated lower alkylthio group" in Substituent Group A described above may for example 

a c lt!rH K ''^'^ ' '° ^ »>^0'"'"«. *°1ine) (for example 

h.^.fhrJT ? group such as methylthio. ethylthio. propylthio, isopropylthlo. butylthlo. isobutylthio. sec-butylthio tert- 
butylth.0. etc.), and those exemplified typically are methylthio, difluoromethylthio. trifluommethylthto, ethylthto pm- 
pyWiK), isopropylthlo, butylthlo, 4.4.4-trifluorobutylthio.pentylthlo,hexylthio and the like » • r ■ P™ 

r^H.^.'^" i*^' ^^°"P «'^P'°y«'' preferably may for example be fomyl. carboxy, carbamoyl 

T T ^^'^ -^^T; *=y*''°^'ky'-<=a*onyl (e.g., cyclopentylcarbonyl. cyclohexylcarbo- 

nyl. etc.) C,^alkoxy-carbonyl (e.g.. methoxycarbonyl. ethoxycarbonyl, isopropoxycart>onyl. tert-butoxycarbonyl etc ) 
C6.,^aryl^rtK>njrt(e.g.ben2oyl,2-naphthoyl,etc.),C,.,6aralk^ 

&-nl*. T^r?*"^^ P*^«"°'^^*°"y'- 2-naphthyloxycarbonyO. C^.^s aralkyloxy-ca*onyl (e.g.:ben2ylo;ycar- 
bonyl. 2-naphthylmethyloxycarbonyl. etc.), 5- or S-membered heterocyclfc carbonyl (e.g., (5- or V-ri^i^berS h^^- 

ZrLlnT TTV ^^'^~^**""(^) ^'^^'^ "-"^ "«™g«n. ^"tfur. oxygTn atoms and the nke in addSTo 
Zn^ I 2T1°"^. '"''^ l-pyrrolidinytearbonyl, 4-piperidyteart.onyl. H,ipera2inylcarbonyl. 2-mo,pholinylcar. 
TT'lTH '^"t 3-'»''«"y'««*°"y'. 2-f"'ylcart,onyl. 2-thia2olylcart,onyI. etc.), mono-C^Jalkyl J5,amoyl ^ 
g.. '"«thytea*amoyl ethylcart^amoyl. etc.). tf,-C,^ alkyl-carbamoyl (e.g.. dime.hyfcarbamoyl. dfethyl^*amoyl etc ) 
aivl-ca*amoyl (e.g.. phenylcarbamoyl. 2-naphthylcarbamoyl). 5-or 6-membered heterocyclfe caibamcil (e g 
L Zt T'^^^ ^'""P '^""'^'"'"^ ^ '° ^ heteroatom(s) selected from nitrogen, sulfur, oxygen atoms 

and the like in addition to carbon atoms)^a,bamoyl such as 1-pyrrolklinylcarbamoyl. 4-piperidylcarbamoy7?-piperaz^ 
nylcarbamoyi, 2-morpholinytearbamoyl. 4-pyridylcart5amoyl, S-thlenylcarbamoyl, 2-furylcarbamoyl 2 tiii^olylcar- 
fo^r ' V- (- g- methyfthiocarbonyl. etc.), C,^ cycloalkyl-thio^rbonyl (e g . cySXlth- 

DO^SSvi^ t^^^^^ V' Ci-6«"^°'^-t'^'°<=-rt'°ny' (-9.. methoxythloca*onyl. ethoUicSrbo'r^X 

poxythiocarbony I butoxythiocarbonyl, etc.). aryl-thiocarbonyl (e.g.. phenylthlocarbonyl, 2-naphthylthiocarbonyl. 
etc.) C7.,6 aralkyl-thiocarbonyl (e.g., benzylthiocarbonyl, phenethylthiocarbonyl). Co,. aryloxy-thiocaibonyl (e a ohe- 

thS.l„i •^^f "-"(s) f ^ted from nitrogen, sulfur, oxygen atoms and the like in addition tocarbon atoms)- 
7 1-pyrrolidinylthioca*onyl, 4-piperidylthioca,bonyl, H^iperazinylthiocarbonyl. 2.moT.hollnylthio- 

r diSfhS^ r V'-^ • '"e«^y'»''°^«*^°y'. ethylthiocarbamoyi). di<),^ alkyl-thiocarbamoyi (for exam- 

^'««^y''^'°<^«*«'"°y'). aryl-thiocarbamoyl (e.g., phenylthiocarbamoyl. 2 naphthylth- 
f ""^'"°y^.™"°-Ci^ alkyl-sulfamoyl (e.g.. methylsulfamoyi, ethylsulfamoyi). di-C,., alkyl-sulfinoyi (e 
g^. duyethylsulfarnoyi, diethylsulfamoyl. etc.). C^.,, aryl-sulfamoyi (e.g.. phenylsulfarr^yl). C,'^alS^teulfonyl (e g 
me hy su fonyl. e hylsulfonyl. etc.). C^,, arylsulfonyl (e.g., phenylsulfonyl. 2-naphthylsu Jnyl), C,^ a^ylsulflny (e g ' 
me%lsu lf,nyl. ethylsulfinyl). Ce.,, arylsulfinyl (e.g., phenylsulfinyl, 2-naphthylsulfinyl. etc.). sulfir^ J su«o. c'L^- 
^^ f' 7'l°'^^"'«;y'' ethoxysulfinyl), Ce.,4 aryloxysulfinyl (e.g.. phenoxysulfinyl). C,^ alkoxysulfonyl (e.g.. 
me hoxysulfonyl. ethoxysulfonyl) and C^,, aryloxysulfonyl (e.g.. phenoxysulfonyl). Among tho^e listed above a Cw 
acyl group such as forniyl. carboxy, 0,^ alkyl^arbonyl, C,^ alkoxy-carbonyl, carbamoyl, mono-C, . alkylcarbamoyi 
sulfamoyi and mono-C,^ alkyl-sulfamoyl is preferred. ^ Ryi«.roamoyi, 

iS«rh«v "^"7'"° Sroup- in Substituent Group A may for example be fomiylamino. optionally halogenated C,^ 
do^ > r> 1 ^^t P~PionaniWo. 2-chloroacetamido, 2,2-dtehloroacetamido.2.2,2-trichloroacetaiiu 

do. etc^), C6.,4 aryl^rboxamldo (e.g.. benzamido, 2-naphthylcarboxamido, etc.). Ci^alkoxy-carboxamido (e q meth- 

tL^^^^ ««'y^"°"y'«"""°. ^ b«(C,^ alkylsulfonyl)amino (e.g.. bis(methJsulfonyl)amU,o bis 

(ethylsulfonyl)amino). C^.^ aiylsulfonylamino (e.g., phenylsulfonylamino. 2-naphthylsulfonylamino. etc ) and the like 
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Among those listed above, a C^.j acylamino group such as formylamino, optionally halogenated C^^q alkyl-carboxam- 
Ido, C^^ alkoxy-carboxamido, C^^ alkylsulfonylannino and bis(Ci.6 alkylsulfonyl)aniino is preferred. 
[0029] An "acyloxy group" in Substituent Group A described above may for example be a C^^ alkyl-cartjonyloxy (e. 
g.. acetyloxy, propionyloxy. etc.). Cg.^^ arylorbonyloxy (e.g., benzoyloxy, 2-naphthoyloxy, etc.). C^^ alkoxy-carbon- 
yloxy (e.g.. methoxycartonyloxy. ethoxycarbonyloxy, isopropoxycarbonyloxy, tert-butoxycarbonyloxy, etc.), mono-Ci.6 
alkyi^itamoyloxy (e.g., methylcarbamoyloxy, ethytearbamoyloxy, etc.), di-C^.6 alkyl-carbamoyloxy (e.g., dimethyl- 
carbam<iyloxy, diethylcarbamoyloxy, etc.) and C^,^^ aryl-carbamoyloxy (e.g., phenylcarbamoyloxy, 2-naphthylcar- 
bamoyloxy, etc.). Among those listed above, a C2.7 acyloxy such as a C^^ alkyl-carbonyloxy and C^^ alkoxy-carbon- 
yloxy is preferred. 

[0030] A group formed by binding 2 or 3 groups selected from ( 1 ) to (32) listed above in Substituent Group A described 
above may for example be: 

(33a) a substituted C^^ alkyi group [this C^^ alkyl group has a substituent selected from cyano, carbamoyl, C^^ 
alkyl-carbamoyi, C^^ alkyl-carbonytoxy, C^^ alkoxy-carbonyl-C^ ^ alkyl-carbamoyi, 5- or 6-membered heterocyclte 
ring (e.g.. 5- or 6-membered heterocyclic ring containing 1 to 3 heteroatom(s) selected from nitrogen, sulfur, oxygen 
atoms and the like in addition to carbon atoms such as pyridyl, etc.)-C^^ alkyl-carbamoyi, C^^ aikylsulfonylamino, 
C^^ alkoxy-carbonyl and carboxy, etc.], 

(33b) a substituted Cg.^^ aryl group [this 65.^4 aryl group has a substituent selected from amino, optionally halo- 
genated C^^ alkyl-cartjonylamino, ureido, C^^ aikylsulfonylamino, (C^^ alkyl)(Ct^ alkylsulfonyl)amino and C^^ 
alkoxy-carbonyl-C^^ alkylamino, etc.], 
(33c) a C^^ alkoxy-C6.^4 aryl-C^^ alkoxy group, 

(33d) a 5- to 14'membered heterocyclic group containing 1 to 4 heteroatom(s) selected from nitrogen, sulfur, 
oxygen atoms and the like in addition to carbon atoms whteh has a substituent [this heterocyclic group has a 
substituent selected from 0x0, carboxy-C^^ alkyl, C^^ alkyl-carbonyloxy-Ci^ alkyl, C,^ alkyl, C,^ alkoxy-cart)o- 
nyl-Ci-6 and C^^ alkyl-cariDamoyl-C^^ alkyl]: 
(33e) a group represented by Formula: -NR12r13 

[each of R12 and Ri3 is (i) a 5- or 6-membered heterocyclc ring (e.g. , 5- or 6-membered heterocyclic ring containing 
1 to 3 heteroatom(s) selected from nitrogen, sulfur, oxygen atoms and the like in addition to carbon atoms)-C^^ 
alkyl, (ii) a C^^ alkoxy-cartxinyl-C^^ alkyl. (Hi) a di-Ci^ aIkylamino-methylene-sulfamoyl-Ci^ alkyl, (iv) a car- 
bamoyl-Ci_e alkyl, (v) a sulfamoyl-Ci_6 alkyl. (vi) a C^^ alkyl-sulfonyl, (vii) a C^^ alkoxy^art)onyl. (viii) di-C^.6 
alkoxy-carbonyl-C2-6 alkenyl, (ix) a5- or 6-membered heterocyclic ring (e.g.. 5- or6-membered heterocyclic group 
containing 1 to 3 heteroatom(s) selected from nitrogen, sulfur, oxygen atoms and the like in addition to cartDon 
atoms) [this 5- or 6-membered heterocyclic group may have a substituent selected from amino, C^_q alkyl-carbox- 
amido, C^^ alkyl-sulfonylamino and the like], (x) an optionally halogenated C^^ alkyl-carbonyl, (xi) a C^^ alkylth- 
io-C^^ alkyl-carbonyl, (xii) a C^_6 alkylsulfinyl-C^^ alkyl-carbonyl, (xiii) a C^^ alkylsulfonyl-C^^ alkyl-carbonyl. (xlv) 
an amino-C^^ alkyl-cart3onyl, (xv) an optionally halogenated C^^ alkyl-cart3onyl-amino-C^.6 alkyl-carbonyl, (xvi) 
a Cg^u aryl-cart3onyl (xvii) a carboxy-C6.^4 aryl-carbonyl. (xviil) an optionally C^^ alkyl-esterified phosphono-C^.6 
alkyl-C6.i4 aryl-carbonyl, (xix) (5- or 6-membered heterocyclic ring (e.g., 5- or 6-membered heterocyclic group 
containing 1 to 3 heteroatom(s) selected from nitrogen, sulfur, oxygen atoms and the like in addition to carbon 
atoms) which may have a C.,^ alkoxy-cart3onyl)-carbonyl, (xx) a 5- or 6-membered heterocyclic ring (e.g., 5- or 
6-membered heterocyclic group containing 1 to 3 heteroatom(s) selected from nitrogen, sulfur, oxygen atoms and 
the like in addition to carbon atoms)-^^ alkyl-carbonyl, (xxi) a Cq^^^ aryl-oxy-cari^onyl, (xxii) a cari30xy-C,^ alkyl, 
(xxiii) a carbamoyl and the like], 

(330 a group represented by Fonmula: -CO-Hal (Hal is a halogen atom), 

(33g) a substituted sulfamoyi group (this sulfamoyi group has a substituent selected from carbamoyl-C^^ alkyl, 
(5- or 6-membered heterocyclte ring)-G^^ alkyl], 
(33h) a group represented by Formula: -C(=0)NRi'*Ri5 

[each of R*^ and H^^ is (i) a (5- or 6-membered heterocyclic ring (e.g. , 5- or 6-membered heterocyclic ring containing 
1 to 3 heteroatom(s) selected from nitrogen, sulfur, oxygen atoms and the like in addition to carbon atoms such 
as pyridyl, imidazolyl, etc.))-C,^ alkyl, (ii) a cartDoxy-C^^ alkyl, (ili) a C^^ alkoxy-carbonyl-C^^ alkyl, (iv) a di-Ci^ 
alkylamino-C^^ alkyl, (v) a carbamoyl-Ci^ alkyl, (vi) a C^^ alkytearbamoyl-Ci^ alkyl, (vii) a (5- or 6-membered 
heterocyclic ring (e.g., 5- or 6-membered heterocyclic ring containing 1 to 3 heteroatom(s) selected from nitrogen, 
sulfur, oxygen atoms and the like in addition to carbon atoms such as pyridyl))-Ci.g alkylcarbamoyl-C^^ alkyl, (vlii) 
a (5- or 6-membered heterocydk: ring (e.g., 5- or 6-membered heterocyciki ring containing 1 to 3 heteroatom(s) 
selected from nitrogen, sulfur, oxygen atoms and the like in addition to cartDon atoms such as pyridyl))-amlno-C^^ 
alkyl. (ix) a sulfamoyl-C6.^4 aryl-C^^ alkyl. (x) a C6.14 aryl which may have a C^^ alkoxy. (xO an optionally C^^ 
alkyl-esterified phosphono-C,.6 alkyl-C6.^4 aiyl. (xii) a 4- to 1 0-membered heterocyclic group (e.g., 4- to 1 0-mem- 
bered heterocydk: ring containing 1 to 3 heteroatom(s) selected from nitrogen, sulfur, oxygen atoms and the like 
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in addition to carbon atoms) [this 4- to 1 0-itiembered heterocyclic group may have 1 to 2 substituent(s) selected 
from a halogen atom. C,^ alkyl. oxo and the likej. (xiil) a Cg.^ aiyl-caibamoyi-C,^ alkyi and the like. As R" a 
hydrogen atom e preferred]. 

[0031 J An "optionally substituted heterocyclic group" emptoyed as a substituent on Ring A. Ring B and Ring C may 
or example be a 4- to 14-membered heterocyclic group containing 1 to 4 (preferably 1 to 3) heteroatom(s) selected 
from nitrogen, sulfur, oxygen atoms and the like in addition to carbon atoms, and those exemplified typically are (a) a 
4- to 1 4-fnernbered aromatic heterocyclic group, (b) a 4- to 1 4-membered aliphatic heterocyclic group, (c) a bicyclfc or 
tricyclic fused cyclic group of 4- to 14-membered heterocyclb ring(s) with benzene ring(s) and the like 
[0032] Said 4- to 14-membered aromatic heterocyclic group may for example be a 4- to 14-membered aromatfc 
heterocyclicgroup containing 1 to 4 (preferably 1 to 3) heteroatom(s) selected from nitrogen, sulfur, oxygen atoms and 
the'lifee«Taddition<totaibon^Gmsi'an*tlioseexemplifiedtypk:allyw^ 

tnazole. thiazole, oxazole. pyrazole, pyridine. pyridlne-N-oxide, pyrazine, pyrimidine. pyridazine, purine 4H-quino- 
w^!! • feoxazole. furazane. etc. Among them, pyridine, thiophene. furan. etc. are preferred 

[0033] Said 4- to 14-membered aliphatic heterocyclic group may for example be a 4- to 14-membered aOphatfc 
heterocyclic group containing 1 to 4 (preferably 1 to 3) heteroatom(s) selected from nitrogen, sulfur, oxygen aton^ and 
the like in addition to caibon atoms, and those exemplified typically are pyrrolidine, piperidine, piperazine. morpholine 
thiomorpholine, 1 ,2-dihydropyridine, imidazolldlne and the like. 

[0034] Said bicyclic or tricyclfc fused cyclic group of 4- to 14-membered heterocyclic ring(s) with benzene rinqfs) 
may for example be a bicyclic ortricydfc fused cyclic group each containing 1 to 4 (preferably 1 to 3) heteroatorn s 
selected from nitrogen, sulfur, oxygen atoms and the like in addition to caibon atoms with benzene rings and those 
exemplified typically are benzo[b]thiophene, benzofuran. 1 H-benzimidazole. benzoxazole, benzothiazole' 1 2-benzi- 
sothiazole, naphtho[2,3-b]thiophene, thianthrene, xanthene. phenoxathiin. indole, isoindole. 1 H-indazole isoq'uinoline 
quinohne. phthalazine. quinoxaline. quinazoline, cinnoline, carbazole, proline, phenanthridine. acridine. phena- 
zme. phenothiazine. phenoxazine. isochroman. dihydrobenzofuran and the like. 

[0035] Substituents on any of the heterocyclic groups listed above may be 1 to 5. preferably 1 to 3 group(s) selected 
from Substituent Group A described above. a kv / »w«.iBa 

[0036] An "optionally substituted amino group" employed as a substituent on Ring A, Ring B and Ring C may for 
example be an amino group which may have 1 or 2 substituent(s) selected from an "optionally substituted hydrocarbon 
group described above, an "optionally substituted heterocyclfc group" described above and an "acyl group" In Sub- 
stituent Group A (this "acyl group" may further have 1 to 5. preferably 1 to 3 substituent(8) selected from Substituent 
oroup A). 

[0037] An "acyl group" as a substituent on Ring A. Ring B and Ring C is one similar to an "acyl group" in Substituent 
Group A descnbed above. Such an "acyl group" may further have 1 to 5. preferably 1 to 3 substituent(s) selected from 
buDSlituent Group A. 

. °" "optionally substituted oxy group". "optionalV substituted sulfinyl group", "optionally sub- 

stituted imino group", "optionally substituted ureido group", "optionally substituted amidino group" "optionally substi- 
tuted guanidino group" and "opUonally substituted hydrazine group" employed as a substituent on Ring A. Ring B and 
Ring C IS an optionally substituted hydrocarbon group" described above, an "optionally substituted heterocydte group" 
descnbed above and an "acyl group" in Substituent Group A (this "acyl group" may further have 1 to 5. preferably 1 to 
3 substituent(s) selected from Substituent Group A). 

S?Fo!Luta"""''°""'* °' "'"^ ^ "'"^ ^ "'"^ ^ ^ substituent is typically a compound represented 




wherein each symbol is defined as described above. 

[0040] In the fomiula shown above. Ri is (1 ) a hydrogen atom. (2) an optionally substituted hydrocarbon group. (3) 
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an optionally substituted heterocyclic group or (4) an optionally substituted amino group. 

[0041 ] An "optionally substituted hydrocarbon group" represented by Ri may be one similar to an •optionally substi- 
tuted hydrocarbon group" exemplified as a substituent on Ring A. 

[0042] An "optionally substituted heterocyclic group" represented by R^ may be one similar to an "optionally substi- 
> tuted heterocyclic group" exemplified as a substituent on Ring A. 

^ (00431 , An "optionally substituted amino group" represented by R^ may be one similar to an "optionally substituted 

\^ amino group" exemplified as a substituent on Ring A. 
* [0044] Preferably, R^ is (1) an optionally substituted aromatic hydrocarbon group. (2) an optionally substituted het- 
erocyclic group, (3) an optionally substituted alicyclic hydrocarbon group, (4) a group represented by Fomiula: -L-R^* 

^ wherein L \s methylene, carbonyl or an optionally substituted nitrogen atom, R^a is a hydrogen atom, optionally sub- 
stituted aromatic group, optionally substituted hydroxy group or optionally substituted amino group, 
p)84e]^^EaGh'0^an^"optionally'substit«te<fctrorTi^ 
is preferably a group represented by Formula: 




wherein R^»» is a hydrogen atom, optionally substituted hydrocarbon group or optionally substituted heterocyclic group, 
Ring D is an optionally substituted aromatic hydrocarbon ring or optionally substituted heterocyclic ring, E is a bond, 
methylene, oxygen atom, optionally oxidized sulfur atom, optionally substituted nitrogen atom or group represented 
by Formula : -CS-0-, -C0-0-, -S-CO-, -(CH2)k-C0-. -NR1c-CO-(CH2)„,-, -NRlc-SOa-CCHaW. -S02-NRic-(CH2)„,-. 
-0-CS-NRic.(CH2)^-, -NRic.CO-NRic.(CH2)^-, -NRic.CO-CH2-(CH2)„-NRic. wherein Ric is a hydrogen atom, op- 
tionally substituted alkyl group or acyl group, k is 0 or 1 . m is an Integer of 0 to 3, or a group represented by Formula: 
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wherein Hal is a halogen atom, Ring D is defined as described above. 

[0046] An "aromatic hydrocarbon group" as a preferred group of R1 may for example be a monocyclic or fused 
polycyclic aromatic hydrocarbon group having 6 to 1 4 carbon atoms {Oq.^^ aryl group). Preferably, a Cq,^^ aryl may for 
example be phenyl, 1-naphthyl. 2-naphthyl, 1-anthryl,2-anthryl,9-anthryl, 1-phenanthryl.2-phenanthryl.3-phenanthryl, 
4-phenanthryl, 9-phenanthryl and the like, with phenyl, 1-naphthyl and 2-naphthyl, especially phenyl being preferred 
especially. 

[0047] As substituents on this "aromatic hydrocarbon group", 1 to 5, preferably 1 to 3 groups selected from Substituent 
Group A are employed. Among such substituents, one employed preferably is: 

(1 ) a halogen atom, 

(2) a nitro group, 

(3) a C^.Q alkyl group (methyl, isopropyl. tert-butyl and the like), 

[this C^,Q alkyl group may have a substituent selected from a halogen atom, cyano, carbamoyl, C^^ alkyl-car- 
bamoyl, C^^ alkyl-carbonyloxy, C^^ alkoxy-carbonyl-C,^ alkyl-carbamoyi, (5- or 6-membered heterocyclic ring 
(e.g., 5- or 6-membered heterocyclk: ring containing 1 to 3 heteroatom(s) selected from nitrogen, sulfur, oxygen 
atoms and the like In addition to carbon atoms))-Ci^ alkyl-carbamoyl, C^^ alkylsulfonylamino, Ci_6 alkoxy-carb- 
onyl, carboxy and the like], 

(4) a cycloalkyi group (e.g., cyclohexyl), 

(5) a Ce.14 aryl group (e.g., phenyl). 

[this aryl group may have a substituent selected from amino, carboxy. C^^ alkoxy-carbonyl. carbamoyl, 
mono- or di-C^.6 alkylcarbanioyl, formylamino, C^^ alkyl-carbonylamino which may have a halogen atom or car- 
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boxy (e.g. acetylamino. propionylamino, Irifluoroacetylamino, pivaloylamino). C^,^ atyl^rtjonylamino (e g ben- 
zoylamino) C,^ alkoxy-carbonylamino (e.g.. methoxycarbonylamino). ureido. mono- or di-C, » alkylureido' C,^ 
aUcyteulfonylamin^. (e^g.. methylsulfonylamino). (C,.e alkyl)(C,^ alkylsulfonyl)amino (e.g.. methyl(methylsutfonyO 
ammo) (C,^ alkyl)(C,^ alkyl-carbonyl)amino (e.g.. methyl(acetyl)amino). C,^ alkoxy-cart,onyl-C, . alkylamino 
(e^g 2-etho!(ycart)onyl-2-propylamino). C^.,^ aralkyloxy-cart>onylamino (e.g.. benzyloxycarbonyl^ino). C,^ 
a^kyl-cart)onylam.no-C,^ alkyl-cattonylamino (e.g.. acetylaminoacetylamino), C,^ alkylthio-C, » alkyl<art>on 
ylamino (e.g^ mettiylthioacetylamino), C,^ alkyl-sulfinyl-C,^ alkyl^rbonylamino (e.g.. methylsulfinylacetylami- 
no), C,^ alkyl-sutfonyl-C,.€ alkyl-caitonylamino (e.g.. methylsulfonylacetylamino). C6.,4 arytoxy^rbonylainino 
(e.g.. phenoxyca*onylamino). hydroxy-C^.^ alkylK;arbamoyl (e.g.. hydroxymethylcart,amoyl, hydroxyethylcar- 
bamoyl) and the like, and may have a substituent selected especially from amino, cartwxy. C, , alkoxy-caibonvl 
carbamoyl mono- or dl-C,.6 alkylcart>amoy). fomiylamino. C,^ alkyl-carbonylamino which may have a halogen 
atowof GaitK«y(ftg-.; acetylaminojiiM^piofqtenFifeofftjfla),^^ 

"fJ^'t' "reido. C,^ alkylsulfonylamino (e.g., methylsulfonylamino). (C, , alkyl)(C,^ 

alkyteulfonyl)am.no (e.g.. methyl(methylsulfonyl)amino). (C,^ alkyl)(C,^ alkyl<arbonyl)amino (e.g., metfl^ 
(acetyl)am.no). C,^ alkoxy-cartonyl-C,^ alkylamino (e.g.. 2-ethoxycart)onyl-2-propylamino). C, « aralkyloxy-car- 
bonylamino (e.g.. benzyloxycarbonylamino) and the like] " ^ 

S„^™'S T ^ «"^°'V-C6-14 aryl (e.g.. methoxy, trifluoromethoxy. 

Isopropoxy, 2-(4-methoxyphenyl)ethoxy), ' 

(7) a C6.14 aryloxy group (e.g., phenoxy), 

(8) a C,^ alkylthio group which may have a cartaamoyl (e.g., methylthio, carbamoylmethylthio) 

(9) a C,^ alkylsulflnyl group which may have a carbamoyl (e.g.. methybulflnyl. carbamoylmethylsulfinyl) 

(10) aC6.,4aiylthiogroup(e.g., phenytthio), 

(11 ) a hydroxy group, 

(12) a4-to 14-memberedheterocyclicgroup containing 1 to 4 heteroatom(s) selected from nitrogen, sulfur oxyqen 
atonis and the like in addition to carton atoms (e.g., pyrrolidinyl. piperidyl. Isoindolinyl, furyl. thienyl. pyridyl qul- 
nolyl. benzofuranyl, pyrimidinyl. tetrazolyl, imidazolidinyl. isothiazolidinyl, thiadiazolWinyl, azethinyl etc ) ' 
[thjs heterocyclic group rnay have a substituent selectedfrom oxo. cartJoxy-C,^ alkyl. C,^ alkylK:ari)onyloxy<J,^ 
alkyl. C,^ a'ky'. alkoxy-caibonyl-C,^ alkyl. C,^ alkoxy-<:arbonyl, carbamoyl-C,^ alkyl. C,^ alky1-c^ 
Damoyl-C,_^ alkyl, etc.], 

(13) a carboxy group, 

(14) a group represented by Formula: -CO-Hal (Hal is a halogen atom) (e.g.. chlorofomiyO. 

(1 5) a C^_Q alkyl-carbonyl group (e.g., acetyl). 

(16) a alkyl-sulfonyl group (e.g.. methylsutfonyl). 

(17) a alkoxy-carbonyl group (e.g., methoxycarbonyl), 

(18) a sulfamoyi group 

[this sulfamoyi group may have 1 or 2 substituent(s) selected from C,^ alkyl. carbamoyl^, . alkyl. C, « alkoxy- 
carbonyl- C^^ alkyl. (5- to Z-membered heterocyclic group which may have an oxo groups (e.g., 5- to 7>membered 
heterocyclic group containing 1 to 3 heteroatom(s) selected from nitrogen, sulfur, oxygen atoms and the like in 
addition to carbon atoms such as pyridyl. pyrrolidinyl hexahydroa2eplnyf))<:,.6 alkyl. C,^ alkyl-carbonylami- 
no-Og.^^.aryij, 

(19) a group represented by Fomiula: -NRaRb 

[each of R8 and Bf> is (i) a hydrogen atom, (ii) a C,^ alkyl. (ili) a (5- or 6-membered heterocyclic ring (e g 5- or 
6-membered heterocyclic ring containing 1 to 3 heteroatom(s) selected from nitrogen, sulfur, oxygen atoms and 
li^ I" r '° ^""^ Pyridyl))^,^ alkyl. (iv) a C,^ alkoxy-carbonyl-C,^ alkyl. (v) a di-C,^ 

sultonyl, (Bc) a C,^ alkoxy-cartoonyl. (x) a di-C,^ alkoxy-carbonyl-C^^ alkenyl, (xl) a an^l. (xli) a 5- or 6 mem- 
oered heteraqrclic nng (e.g., S- or 6-membered heterocyclfc ring containing 1 to 3 heteroatom(s) selected from 
nitrogen, sulfur, oxygen atoms and the like in addition to caitoon atoms such as pyridyl), [this 5- or 6-membered 
heterocyclic group may have a substituent selected from amino. C,^ alkyl-carboxamido and C, . alkyl-sulfonylami- 
no and tt^ like], (xlii) an optionally halogenated C,^ alkylK^rtjonyl. (xiv) a C,^ alkylthio-C,^ alkyln^arbonyl. (xv) 
a C,^ alkyteulf,nyl-C,^i alkyl-carbonyl. (xvi) a C,^ alkylsulfonyl-C,^ alkyl-cart)onyl, (xvii) an amino-C, . alkyl-car- 
bonyt, (xv».) an optionally halogenated C,.6 alkyl-caAonyl-amino-C,.^ alkyl-cartonyl, (xix) a C. aryl-caitoonyl' 
(xx)acarboxy-C6.„aryl-cart)onyl. (xxi) an optionally C,^alkyl-esterifiedphosphono-C,^ alkyl-C... aryl-carbonyl 
XXII) a (5- or 6-membered heterocyclfc ring (e.g.. 5- or 6-membered heterocydte ring containing 1 to 3 heteroatom 
(s) selected from nitrogen, sulfur, oxygen atoms and the like in addition to caibon atoms such as pyrrolidinyl 
pyridyl) which may have a hatogen atom, oxo or a C,^ alkoxy-caibonyl)<:arbonyl, (xxiii) a (5- or 6-membered 
heterocyclic nng (e.g., 5- or 6-membered heterocyclic ring containing 1 to 3 heteroatom(s) selected from nitrogen 
sulfur, oxygen atoms and the like in additton to carbon atoms such as pyridyO)-C,^ alkyl-carbonyl (xxiv) a Cg , " 
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aryl-oxy-carbonyl, (xxv) a carboxy-Ci,6 alkyl. (xxvl) a carbamoyl, (xxvii) an optionally halogenated C^^ alkylcar- 
bamoyl. (xxviii) a Cg-u arylcarbamoyl which may have a C^^ alkyl-carbonylamino. (xxix) a (5- or S-membered 
heterocyclic ring (e.g., 5- or 6-membered heterocyclic ring containing 1 to 3 heteroatom(s) selected from nitrogen, 
sulfur, oxygen atoms and the like in addition to carbon atoms such as pyridyl))-cart3amoyl, (xxx) a alkenyl- 
,cart3onyl, (xxxi) a (5- or 6-membered heterocyclic ring (e.g., 5- or S-membered heterocyclic ring containing 1 to 3 
fiBteroatom(s) selected from nitrogen, sulfur, oxygen atoms and the like in addition to carbon atoms such as pyr- 
rolidinyl) which may have an oxo group)-amino-C^.6 alkyl-cart^onyl, (xxxii) a (5- or 6-membered heterocyclic ring 
{e.g., 5- or 6-membered heterocyclic ring containing 1 to 3 heteroatom(s) selected from nitrogen, sulfur, oxygen 
atoms and the like In addition to carbon atoms such as pyrrolidinyO which may have an oxo group)(C^_6 ^"^0 
amino-C^^ aikyl-carbonyl, (xxxiii) a (5- or 6-membered heterocyclic ring (e.g., 5- or 6-membered heterocyclic ring 
containing 1 to 3 heteroatom(s) selected from nitrogen, sulfur, oxygen atoms and the like in addition to carbon 
atoms such as^pyrrotfdirryt^'Whfch^may'iravean^oxofgrot^ a^^^y^fS8ab<my\)'Bmmo^^ 
a C^^ alkylthio-C^^ alkylcarbonyl (sulfur atom may be oxidized), (xxxv) an optionally halogenated C^^ alkylsuN 
fonyl, (xxxvl) a sulfamoyi, (xxxvii) a alkylsulfamoyt and the like], 

(20) a group represented by Formula: -C(=0)NRcRd 

[each of and is (i) a hydrogen atom, (ii) a C^^ alkyl, (iii) a (5- or 6-membered heterocyclic ring (e.g., 5- or 
6-membered heterocyclic ring containing 1 to 3 heteroatom(s) selected from nitrogen, sulfur, oxygen atoms and 
the like in addition to carbon atoms such as pyridyl, imlda2oryl))-C^^ alkyl, (iv) a cart)oxy-C^^ alkyl, (v) a C^^ 
alkoxy-carbonyl-Ci^ alkyl, (vi) a di-C^^ alkylamino-C^^ alkyl, (vii) a carbamoyl-Ci^ alkyl. (viii) a C^^ alkylcar- 
bamoyl-Ci^ alkyl, (ix) a (5- or 6-membered heterocyclic ring (e.g., 5- or 6-membered heterocyclic ring containing 
1 to 3 heteroatom(s) selected from nitrogen, sulfur, oxygen atoms and the like in addition to carbon atoms such 
as pyridyl))-C^^ alkylcart^amoyl-C^^ alkyl, (x) a (5- or 6-membered heterocyclic ring (e.g., 5- or 6-membered het- 
erocyclic ring containing 1 to 3 heteroatom(s) selected from nitrogen, sulfur, oxygen atoms and the like in addition 
to carbon atoms such as pyridyl))-amlno-C^^ alkyl. (xi) a sulfamoyK^g.^^ aryl-C^^ alkyl, (xii) a Cq_^^ aryl which 
may have a C^.^ alkoxy, (xiii) an optionally C^^ alkyl-esterified phosphono-Ci.6 alkyl-C6,i4 aryl. (xiv) a 4- to 
10-membered heterocyclic group (e.g., 4- to 10-membered heterocyclic ring containing 1 to 3 heteroatom(s) se- 
lected from nitrogen, sulfur, oxygen atoms and the like in addition to carbon atoms such as azethinyl, pyrrolidlnyl, 
piperidinyl. hexahydroazepinyl. pyridyl, pyrimidinyl, pyrazinyl, pyridazinyl. 1-azabk:yclo[2.2.2]octo-3-yi) [this 4- to 
10-membered heterocyclic group may have 1 to 2 substituent(s) selected from a halogen atom, C^^ alkyl and 
oxo], (XV) a aryl-cartDamoyl-C,^ alkyl, (xvi) a hydroxy-C^^ alkyl or (xvii) a (5- or 6-membered heterocyclic 
ring (e.g., 5- or 6-membered heterocyclic ring containing 1 to 3 heteroatom(s) selected from nitrogen, sulfur, oxygen 
atoms and the like in addition to carbon atoms such as pyrrolidlnyl, pyridyl) which may have a oxo group)-car- 
bamoyl-Ct.6 alkyl; and R^ is preferably a hydrogen atom], 

(21) acyano group, 

(22) a mono- or di-C^.g alkylcarbamoylthio group (e.g., dimethylcarbamoylthio), 

(23) a mono- or di-C^^g alkylthiocartjamoyloxy group (e.g., dimethylthiocarijamoyloxy). 

[0048] A "heterocyclic group" as a prefen-ed group R^ is preferably pyridyl, thienyl, furyl, imidazolyl, thiazolyl, quinolyl, 
1,2-dihydropyridyl, dihydrobenzofuranyl, benzodioxolyl, benzothiazolyl, piperidyl, piperazinyl and the like, with pyridyl 
and 1 ,2-dihydropyridyl being preferred especially. 

[0049] Preferred substituents on this •heterocyclic group" may for example be 1 to 5, preferably 1 to 3 groups selected 
from: 

(1 ) a halogen atom. 

(2) a C^^ alkyl group (e.g., methyl, ethyl, etc.) 

[this alkyl may have a substitueni selected from carboxy, C^^ alkoxy, C^^ alkoxyncarbonyl, mono-Ci^ alkyl-amino, 
di-C,^ alkyl-amino, cari3amoyl, C^^ alkyl-cartjamoyi which may have a hydroxy, 4- to 10-membered heterocydk; 
group (e.g., 4- to 10-membered heterocyclic group containing 1 to 3 heteroatom(s) selected from nitrogen, sulfur, 
oxygen atoms and the like in addition to carbon atoms such as pyridyl, quinolyl, etc.) which may have oxo, (4- to 
10-membered heterocyclic group (e.g., 4- to 10-membered heterocyclic group containing 1 to 3 heteroatom(s) 
selected from nitrogen, sulfur, oxygen atoms and the like in addition to carbon atoms such as pyridyl, quinolyl))- 
carisamoyl, cari3anrK>yl-C.,^ alkyl-carbamoyi, etc.], 

(3) a Ci_g alkoxy group (e.g.. methoxy), 

(4) a Cg.^4 aryl group (e.g., phenyl), 

(5) a Cy.ig aralkyi group (e.g., benzyl) 

[this Cy.^e aralkyi group may have a substituent selected from cartwxy, C^^ alkoxy-carbonyl, carbamoyl, C^^ alkyl- 
carbamoyl which may have a hydroxy. (4- to 10-membered heterocyclic group (e.g., 4- to 10-membered hetero- 
cycfc group containing 1 to 3 heteroatom(s) selected from nitrogen, sulfur, oxygen atoms and the like In addition 
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to cartx>n atoms such as pyridyl))-cartjamoyl and the like], 

(6) a 4- to 1 0-membered heterocyclic group (e.g., 4- to 1 o'-membered heterocycHc group containing 1 to 3 heter- 
oatom(s) selected from nitrogen, sulfur, oxygen atoms and the like in addition to cartjon atoms such as pyridvl 
quinolyl, isoquinolyl, etc.) ^' ' ' 
[this 4- to 1 0-membered heterocyclic group may have a substituent selected from a C, . alkyl. C, «alkoxy-carbonvl 

k ca.t)amoyl, oxo, 4- to 10-membered heterocyclic group (e.g.. 4- to 10-membered heterocyclic group containinq 1 
\ to 3 heteroatom(s) selected from nitrogen, sulfur, oxygen atoms and the like in addition to caibon atoms such as 
pyridyl, etc.)], 

(7) an 0X0 group. 

(8) an oxide group. 

[0050^ A heterocydicgrot3pwhose>fli^ has=an-oxidergroBp.is.prefer^ 

[0051] An "alicydic hydrocartjon group" as a preferred group Ri is a C^^ cycloalkyi such as cydopropyl. cyclobutyl 
cydopentyl and cyclohexyl. etc.. with cyclopentyi and cyclohexyi being preferred espedally. 
(00521 This -alwydk: hydrocaiton gnjup" may have a substituent similar to a substituent which may be possessed 
by a hydrocarbon group represented by R' described above. 

[0053] Eachofan-optionallysubstitutedaromatlchydrocaibongroup"and-optionallysubstitutedheterocydlcgroup- 
as a preferred group RHs preferably a group represented by Fomiula: 




wherein each symbol is defined as described above. 

fTwi J^" substituted hydrocarbon group" represented by Rib is a group similar to an "optionally substi- 

tuted hydrocarbon group" exemplified as a substituent on Ring A. Among sudi groups, those emptoyed preferably are: 

(1 ) a alkyl group (e.g., methyl, isopropyl, tert-butyl, etc.) 

[this C,^ alkyl group may have a substituent selected from a halogen atom, cyano, hydroxy, C, g alkoxy-carbonyl 
d.-C,^ alkylamino, optionally halogenated C,^ alkyl-cartoonyl-amino, carboxy, carbamoyl, C, , alkylorbamoyl' 
C,.6 alkyl-carbonyloxy. C,^ alkoxy-carbonyl-C,^ alkyl-carbamoyl. (5- or 6-membered heterodydfc ring (e q 5- or 
6-membered heterocyclic ring containing 1 to 3 heteroatom(s) selected from nitrogen, sulfur, oxygen atomk and 
the like m addition to carbon atoms such as pyridyl. imida2olyl))-C,^ alkyl-carbariioyi, C,.^ alkylthio, C, . alkyl- 
sumnyl, C,^ alkylsulfonylamino. (5- or 6^nembered heterocydic ring (e.g., 5- or e^nembered heterocydic ring 
containing 1 to 3 heteroatom(s) selected from nitrogen, sulfur, oxygen atoms and the like in addition to carbon 
atoms such as pyridyl))-C,^ alkytearbamoyl. (5- or frmembered heterocydic ring (e.g.. 5- or 6-membered hete- 
rocyclic nng containing 1 to 3 heteroatom(s) selected from nitrogen, sulfur, oxygen atoms and the like in addition 
l^^fr' r s"<femoyl-C6.u aryl, carboxy-Ce.,, aryl, C,^ alkoxy-carbonyl-C6.u aryl. 

carbamoyl-C6.,4 afyl. C,^ alkylK;ari3amoyl-C6.,4 aryl which may have a hydroxy. (4- to 10-membered heterocydte 
nng (e.g. 4- to 1 0-membered heterocyclic ring containing 1 to 3 heteroatom(s) selected from nitrogen, sulfur oxyqen 
atoms and the like in addition to cartjon atoms such as pyridyO)-cart)amoyl-C6.u aryl]. 

(2) a cycloalkyi group (e.g.. cyclohexyO. 

(3) a C6.14 aryl group (e.g., phenyl) 

[this C6.,4 aryl group may have a substituent selected from C,.6 alkoxy (e.g., methoxy). amino, carboxy. optionally 
halogenated C,^ alkyl-carbonylamino (e.g., acetylamino. trifluoroacetylamino). C^.^ alkoxy-carbonylamino (e g 
methoxycarbonylamino). fonnylamino. ureido. C,^ alkylsulfonylamino (e.g., methylsufonylamino). (C, . alkyl)(C, I 
alkyteulfonyl) ammo (e.g.. methyl(methylsulfonyl)amino), C,^ alkoxy-carbonyl-C,^ alkylamino (e.g.. 2-ethoxyclr 
bonyl-2-propylamino, etc.), optionally C,^ alkyl-esterified phosphono-C,^ alkyl. mono- ordi-C,^ alkyl-carbarrK)yl 
W-16 aralkyloxy-carbonylamino (e.g.. benzyloxycaibonylamino. etc.)]. 

[0055] An "optionally substituted heterocydic group" represented by Ri" is one similar to an "optionally substituted 
heterocydic group" exemplified as a substituent on Ring A. Among such groups, those employed preferabV are a 5- 
to 14-membered heterocydc ring containing 1 to 4 heteroatom(s) seleded from nitrogen, sulfur, oxygen atoms and 
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the like in addition to carbon atoms (e.g., azethinyl. pyrrolidinyl, piperidinyl, isothiazolidinyl, thiadiazolidinyi. hexahy- 
droazepinyl, furyl. thienyl, pyridyl, quinolyl, isoquinolyl, benzofuranyl, pyrimidinyl. tetrazoiyi, imidazolinyl, pyrazinyl. 
pyridazlnyl and the like) which may be substituted by 1 or 2 substituent(s) selected from a halogen atom, C^^ alkyi, 
carboxy-C^^ alkyl. C^^ alkoxy-carbonyl-Ci.6 alkyl. C^.^ alkoxy-carbonyl, carbamoyl, oxo, 4- to 10-membered hetero- 
5 cyclic group (4- to 10-membered heterocyclk: group containing 1 to 3 heteroatom(s) selected from nitrogen, sulfur, 

\ oxygen atoms and the like In addition to carbon atoms such as pyridyl, etc.), (4) Cg-s a'kenyl group and the like. 
' [0056] An aromatic hydrocarbon ring represented by Ring D may for example be a monocyclic or fused polycyclk: 
* aromatic hydrocarbon ring (C6.^4 aryl ring) having 6 to 14 cartoon atoms. Such a C^^^ aiyl ring nnay for example be a 
benzene ring, naphthalene ring, anthryl ring, phenanthryl ring, with a benzene ring and naphthalene ring being preferred 
10 and a benzene ring being especially preferred. 

[0057] Any of these aromatk: hydrocarbon groups may have 1 to 5, preferably 1 to 3 substituent{s) selected from 
Siit>stituent^Gfoup^A"described^abovev 

[0058] A heterocyclic ring represented by Ring D may for example be a 5- to 14-membered heterocyclic ring con- 
taining 1 to 4 (preferably 1 to 3) heteroatom(s) selected from nitrogen, sulfur and oxygen atoms in addition to cartjon 
atoms, typically, (a) a 5- to 14-membered aromatic heterocyclic ring, (b) a 5- to 14-membered aliphatic heterocyclic 
ring, (c) a bicyclic or tricyclic fused ring of 6- to 14-membered aromatic heterocyclic ring(s) with benzene ring(s) and 
the like. 

[0059] Said 5- to 14-membered aromatk: heterocyclic ring may for example be a 5- to 14-membered aromatic het- 
en)cyclic ring containing 1 to 4 (preferably 1 to 3) heteroatom(s) selected from nitrogen, sulfur and oxygen atoms in 
20 addition to cari^on atoms, and those exemplified typically are thiophene, furan, indolizlne, pyrrole, imidazole, triazole, 
thiazole, oxazole, pyrazole, pyridine, pyridine N-oxide, pyrazine, pyrimidine, pyridazine, purine, 4H-quinolizine. naph- 
thyridine, isothiazole, isoxazole, furazane and the like. Among those listed above, pyridine, thiophene and furan are 
employed preferably. 

[0060] Said 5- to 14-membered aliphatic heterocyclic ring may for example be a 5- to 14-membered aliphatic hote- 
ls rocyclic ring containing 1 to 4 (preferably 1 to 3) heteroatom(s) selected from nitrogen, sulfur and oxygen atoms in 
addition to carbon atoms, and those exemplified typically are pyrrolidine, piperidine, piperazine, morphollne, thiomor- 
pholine, 1 ,2-dihydropyridine, imidazolidine and the like. 

[0061] Said a bicyclic or tricyclic fused ring of 5- to 14-membered aromatic heterocyclic ring(s) with benzene rings 
may for example be a bfcyclfc or tricyclk; fused ring of 5- to 1 4-membered heterocyclic ring containing 1 to 4 (preferably 

30 1 to 3) heteroatom(s) selected from nitrogen, sulfur and oxygen atoms in addition to carbon atoms with benzene ring 
(s), and those exemplified typically are benzo[b]thiophene, benzofuran. 1 H-benzimidazole, benzoxazole, benzothia- 
zole, 1 ,2-benzisothiazole, naphtho[2,3-b]thiophene. thianthrene, xanthene, phenoxathiln. indole, Isoindole. IH-lnda- 
zole, isoquinoline, quinoline, phthalazine, quinoxaline, quinazollne. cinnoline, cartDazole, p-cariaoline, phenanthridine, 
acridine, phenazine, phenothiazine, phenoxazine, isochroman, dihydrobenzofuran and the like. 

35 [0062] Among those listed above, a preferred heterocyclic ring represented by Ring D is pyridine, thiophene, furan, 
imidazole, thiazole, quinoline, pyridine N-oxide, 1 ,2-dihydropyridine, dihydrobenzofuran, benzodtoxole, benzothiazole, 
piperidine, piperazine and the like, with pyridine, 1 ,2-dihydropyridine being especially preferred, 
[0063] Any of these heterocyclic rings may have 1 to 5, preferably 1 to 3 substltuent{s) selected from Substituent 
Group A descn'bed above. 

[0064] An "optionally oxidized sulfur atom" represented by E is S, SO, SOg and the like. 

[0065] An optionally substituted nitrogen atom represented by E may for example be a nitrogen atom which may 
have 1 to 2 group(s) selected from (i) a hydrogen atom, (ii) an optionally substituted hydrocarbon group, (lii) an acyl 
group and the like. 

[0066] Said "optionally substituted hydrocarijon group" may be one similar to an "optionally substituted hydrocarbon 
group" exemplified as a substituent on Ring A. 

[0067] Said "acyl group" may be one similar to an "acyl group" exemplified as a substituent on Ring A, and this acyl 
group may further have 1 to 5, preferably 1 to 3 substituent(s) selected from Substituent Group A described above. 
[0068] In a group represented by Formula :-CS-0-. -C0-0-, -S-CO-. -(CH2)k-CO-, -NRic-CO-(CH2)n,-, 
-NRi<^-S02-(CH2)^-. -S02-NRi<^-(CH2)„,-, -O.CS-NRi^-(CH2)„,-. -NRic.cO-NRiSCHs)^,-, -NRic-CO-CH2-(CH2)l- 
NR^c, vvherein R^*^ is a hydrogen atom, optionally substituted aikyl group or acyl group, k is 0 or 1 , m is an integer of 
0 to 3 which is represented by E, an alkyl group represented by R^^ may for example be a C^^ alkyl group such as 
methyl, ethyl, propyl, isopropyl, butyl, isobutyl, sec-butyl, tert-butyl, pentyl, hexyl and the like. 
[0069] An alkyl group represented by R^c ^ay have 1 to 5, preferably 1 to .3 substituent(s) selected from Substijtuent 
Group A described above. 

[0070] An acyl group represented by R^c n^^y example be one similar to an "acyl group" exemplified as a sub- 
stituent on Ring A, and this acyl group may further have 1 to 5. preferably 1 to 3 substituent{s) selected from Substituent 
Group A described above. 
[0071] k is 0 or 1 , especially 0. 



40 



SO 



55 



38 



EP 1 270 577 A1 

[0072] m is an integer of 0 to 3, especially 0 to 1 . 

[0073] Among those listed above, those preferred as E are: 

Mfo''°"'^;,i'? niethylene, (iii) O. (iv) S. (v) SO. (vi) SOa, (vii) -NH-, (viii) -N(C,^ alkyi)- (e.g.. -N(niethyl)-. etc.). (ix) 
alky <a*onyl)- (e.g.. -N(acetyl). etc.). (x) -N(C,^ alkoxy^artjonyt)- (e.g.. -N(ethoxycart)onyO. etc.), xi 
^ ^(Ci* aHqrl-sulfonyl)- (e.g.. -N(methylsulfonyl)-. etc.). (xii)-CO-O-. (xiii)-S-CO-. (xiv) a group represented by For- 
Y mute: -{CH2)rCO wherein k is 0 or 1 . (xv) -NR'-COKCH^)™,- wherein f^is a hydrogen atom. C,^ alkoxy-carbonyl 
(e.g.. methoxycarbonyl) or C,^ alkyI group which may be substituted by a heterocyclic group containing 1 to 3 
heteroatom(s) selected from nitrogen, oxygen, sulfur atoms and the fike in addition to cartwn atoms (e q pyridvl) 
and ml is an integer of 0 to 3. 

(xvO a group represented by Fomiula -NR9-S02-(CH2)^- wherein Rg is a hydrogen atom or C, . alkyl^ulfonyl 
groap»(eegTrmetf\y«sBlfonyl)«nd'in2-is*0r' . . ^ 

(xvH) a group represented by -SOa-NRMCHa)^- wherein Rh is a hydrogen atom orC, - alky! group (e g methyl) 
andmdisOorl, i-\ 

(xviii) a group represented by -0-CS-NR«-(CH2)™4- wherein R' is a hydrogen atom orC, - alkyI group (e g methyl) 

and nri4 is 0 or 1 , ^ r- x a » j / 

^1^1 o?"^" "^^^^^ -NR»-CO-NR'«-(CH2)„5- wherein Rl Is a hydrogen atom or C. „ alkyI group (eg me- 
thyO. R" is a hydrogen atom or C^^ alkyI group (e.g., methyl) and m5 is 0 or 1 

(XX) a group represented by -NRLcO-CH2-(CH2)„6-NR"<- wherein R"- is a hydrogen atom or C, , alkyI group (e 
g- methyl). R™ is a hydrogen atom or C,^ alkyi group (e.g., methyl) and m6 is 0 or 1 . 

[00741 Each of an -optionally substitutedaromatichydrocaftoongroup"and-optionallysubstitutedheterocyclicqroup" 
exemplified as a prefen-edR' may also be a group represented by Formula: 



co-Hal 




wherein each symbol is defined as described above. 

10075] A halogen atom represented by Hal may for example be a fluorine atom, chlorine atom, bromine atom and 
iodine atom, with a chlorine atom being preferred. 

[0076] As Ring D. one similar to those described above can be employed. 

[0077] In a group represented by Fomiula r-L-Ri" wherein each symbol is defined as described above exemplified 
^.f «!. T ' ^" '°P«°"^"y substituted nitrogen atom" represented by Lmay be onesimilarto an ■optionally 

' '^P'^^ented by E. L is preferably methylene, carbonyl. -NH- and the fake 
[0078] An aromatic group represented by R'a may for exanple be: 

<1> a monocyclic or fused polycyclic aromatic hydroca*on group, typically, a 6- to 14-membered monocyclic or 
fused polycydic aromatic hydrocarbon group such as aCs.14 ar/\ group such as phenyl. 1-naphthyl. 2-naphthyl 
1-an hiyl, 2-anthiyl. 9-anthfyl. 1 -phenanthiyl. 2-phenanthryl. SiJhenanthryl. 4-phenanthrylor9-phenanthfyl. (pref- 
erably phenyl. 1 -naphthyl or 2-naphthyl, especially, phenyl), 

<2> a 4- to 1 4-membered aromatic heterocydte group containing one or more (for example 1 to 4, preferably 1 to 
3) heteroatom(s) of 1 or 2 kind(s) selected from nitrogen, sulfur and oxygen atoms in addition to carbon atoms. 

[0079] Such a 4- to 1 4 membered aromatic heterocyclk: group may for example be a monocyclic heterocyclic group 
(preferably 5- to 8-membered group) containing one or more (for example 1 to 4, preferably 1 to 3) heteroatom(s) of 
1 or 2 kind(s) selected from nitrogen, sulfur and oxygen atoms in addition to carbon atoms or a fused aromatic hete- 
rocyclicgroup thereof, typically, an aromatic heterocyclic ring such as thiophene, ben2o[b]thiophene, benzofuran 1H- 
benzimidazole, benzoxazole. benzothiazole, 1 ,2-benzisothia2ole. naphtho[2,3-bIthiophene. thianthrene, furan. in- 
dolizine. xanthene, phenoxathiin, pyrrole, imidazole, triazole, thiazole. oxazole. pyrazole, pyridine, pyrazine, pyrimidine 
pyndazine, indole, isoindole, IH-indazole, purine. 4H-quinoli2ine, isoquinoline. quinoline. phthalazine naphthyridine' 
quinoxaline, quina2oline,.dnnoline. carbazole, p-carboline. phenanthridine. acridine, phenazine,. isothiazole pheno- 
ttii^ine Boxazole furazane. phenoxazine. isochroman and the like (preferably, pyridine, thiophene or fur^, more 
preferabV pyridine) or a fused ring group of one or more (preferably 1 or 2, more preferably 1 ) of these rings (preferably 
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monocyclic heterocyclic ring) with aromatic rings (for example, aromatic hydrocarbon groups described above, pref- 
erably benzene rings). 

[0080] Substituents on said aromatic group are 1 to 5, preferably 1 to 3 substituent(s) selected from Substiluent 
Group A described above. 

5 [0081] An aromatic group which may have a substituent represented by FV^ is preferably a 06,^4 aryl group (e.g., 
* phenyl) which may have 1 to 5 substituent(s) such as a C^^ alkyI and C,_6 alkoxy, etc. 

\ [0082] . ' An "optionally substituted hydroxy group" represented by R^^ is one similar to an "optionally substituted hy- 
^- droxy group" exemplified as a subslituent on Ring A, with a hydroxy group which may have a C^^ alkyI group (e.g.. 
methyl) being preferred. 

10 [0083] An "optionally substituted amino group' represented by R^^ is one similar to an "optionally substituted amino 
group" exemplified as a substituent on Ring A. 

[0084]<' A' prefen-ed "optionally* substitutedbam!no»:§roupft represented^ exanf^e'be^af?''arRina'gro»(>^' 
which may have 1 or 2 group(s) such as an optionally substituted alkyt group or optionally substituted aryl group, 
especially <1> a C^^ alkyl-amino group which may be substituted by a 4-to 10-membered heterocyclic group (4- to 
IS 10-membered heterocyclic group containing 1 to 3 heteroatom(s) selected from nitrogen, oxygen, sulfur atoms and 
the like in addition to carbon atoms, e.g., pyridyl), <2> a Cq_^^ aryl-amino group, <3> a 4- to 10-membered heterocyclic 
group (4- to 10-membered heterocyclic group containing 1 to 3 heteroatom(s) selected from nitrogen, oxygen, sulfur 
atoms and the like in addition to carbon atoms, e.g., pyridyl)-ammo group and the like. 

[0085] An "optionally substituted hydrocarbon group" represented by Ffi and R^ is one similar to an "optionally sub- 
20 stituted hydrocarbon group" exemplified as a substituent on Ring A. 

[0086] Such an "optionally substituted hydrocart^on group" may for example be a hydrocarbon group (especially 
alkyI group) whbh may be substituted by: 



<1> a halogen atom, 

25 <2> an optionally substituted hydroxy group (for example, a hydroxy group which may be substituted by a substit- 

uent selected from a C^^ alkyl. C^^ alkyl-carbonyl, C^^ alkylsulfonyl and Cj,^^ aralkyi, etc.), 
<3> an optionally substituted amino group (for example, an amino group which may be substituted by 1 to 2 
alkyl, C^^ alkyl-carbonyl and C^^^ aryl-carbonyl), 

<4> an optionally substituted 4- to 1 0-membered heterocyclic group (for example, a 4- to 1 0-membered heterocyclk: 
30 group containing 1 to 3 heteroatom(s) selected from nitrogen, oxygen, sulfur atoms and the like in addition to 

carbon atoms which may have an oxo group (e.g., phthalimido, imidazolinyl, piperidinyl, pyrrolidinyl)), 
<5> an optionally substituted thio group (for example, a thio group which may be substituted by C^^ alkyl, etc.), 
<6> a Ci_e alkyl-sulfinyl group, 
<7> a alkyl-sulfonyl group. 

35 

[0087] Among those listed above, one employed preferably is a C^^ alkyl group which may be substituted by <1 >. a 
halogen atom (especially, bromine atom), <2> a hydroxy, <3> a C^^ alkyl-carbonyloxy (e.g., acetoxy), <4> an amino, 
<5> a 4- to 10-membered heterocyclic group (4- to 10-membered heterocyclic group containing 1 to 3 heteroatom(s) 
selected from nitrogen, oxygen, sulfur atoms and the like in addition to carbon atoms (e.g., phthalimido, imidazolinyl, 
^ piperidinyl, pyn-olidinyl)) which may have oxo group and the like, and one employed more preferably is a C^.^ alkyl 
group (e.g., methyl, ethyl) which may be halogenated by a halogen atom (especially, bromine atom), with a methyl 
group being prefenred especially. 

[0088] An "acyl group" represented by r2 and is one similar to an "acy! group" exemplified as a substituent on 
Ring A, with a C^^ alkoxy-carbonyl group being preferred and a methoxycarbonyl group being more preferred. 
[0089] A 3- to 8-membered ring fomied by R2 and R^ together with the adjacent carbon atom may for example be 
a 3- to 8-membered homocydic or heterocyclic ring. 

[0090] A 3- to 8-membered homocydic ring formed by R2 and R3 together with the adjacent cartaon atom may for 
example be a 3- to 8-membered cyclic hydrocartjon consisting of cartoon atoms, and typically a C^q cycloalkane (for 
example, cyclobutane, cyclopentane, cyclohexane, cycloheptane, cyclooctane), C3.8 cycloalkene (for exanrple, cy- 
so clobutene, cyclopentene, cyclohexene, cycloheptene, cyclooctene) may be exemplified. Among those listed above, a 
C3.Q cydoalkane is preferred, with a 5- or 6-membered homocydic ring such as cydopentane and cydohexane (es- 
pecially, cyclohexane) being particularly prefenred. 

[0091] A 3- to 8-membered heterocyclic ring fonned by R2 and R3 together with the adjacent carbon atom may for 
example be a 5- to 8-membered aliphatic heterocyclic ring containing one or more (for example 1 to 4, preferably 1 to 
55 3) heteroatom(s) of 1 or 2 kind(s) selected from nitrogen, sulfur and oxygen atoms in addition to carbon atonrts. 

[0092] More spedfically. a 5- to 8-membered aliphatic heterocyclic ring containing 1 to 3 heteroatom(s) selected from 
nitrogen, oxygen and sulfur atoms in addition to carison atoms and a nitrogen atom such as piperidine, piperazine, 
morphoiine, thiomorpholine, pyrrolidine, imidazolidine ring and the like. 
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[00931 Such a 3- to 8-membered homocydic or heterocyclic ring fomied by R2 and R3 together with the adjacent 
cartK>n atom may have 1 to 5. preferably 1 to 3 substltuent(s) similar to the substituents which may be posseSy 
a heterocycl. "ng represented by Ri described above. Such substituents are prefe^bly 1 to 3 groups) LSSlSom' 
a C,^ alkyl. C6.14 aryl. C^.^s aralkyl. ammo. mono-C,^ alkylamino. mono-C.^ arylamino di-C.^ alkvlamino di c 
anjamino. 4- to 10-membered (e.g.. 4- to 10-membered (preferabV 5- or S^^Led) et^l^T^^^^^^^^ 

^ Siif ^'T ""^'^ ^^^^"^ ^""^ ^"""^ ^'^"^ a<ld'«on to ca*on atoms) and "he like 

\ lOfmy Among those listed above, each of R2 and R3 is preferab^ a C,^ alkyl group. C^ralkoxV-cTrtlny, ^^ouo 
ea^ Of wh,ch may be a halogen atom, with a methyl group and methoxyci'^onli group bei'g pSSrl^ " 
[0095] t.salsopreferredthatR2andR3aretakentogetherwiththeadjacentcarbonatLtofo,n,a5-or6-^ 

'"""^ ^ cycloalkane. preferably cyclopentane and cyclohexane (especially cydoh^SeT 

toted'hythHxarbon' group* e»etTpl«ed'as^a'sabstitaert'oi*'Rmg'^^ 

Sm^p a hydrocari^on group represented by R* is preferably a C,^ alkyl group (e.g.. methyl, ethyl, propyl, isopropyl 
ptl^er^^^spS^^^^^ 2-"^»^y'-2-P™P-y'- « alky, group such as WS>£l>^op^S^^ 

Ee. LTnT(ra ^a^grrp;'"*" " "^^""^ ' <^^^'-' 
(3) a lower alkoxy group (e.g.. methoxy. ethoxy), (4) a hydroxy group. (5) an amino group, (6) a mono-lower alkylamino 

^1^'. '"^'r «%'-ino). (7) a di'loUr alKylaminTSTg 

d.-C,^ alkylarn,no group such as dimethylamino and diethyfamino. etc.). (8) a 4- to 10-membered heterLcfc rinq 
conta.n|ng 1 to 3 heteroatom(s) selected from nitrogen, oxygen and sulfur aton« in addition to cartTon aS whS 
may have an 0x0 group (e.g.. piperidino, 2-isoindolinyl. etc.), 

o mShn^ t ^ "^^''^o- (11) acarboxy, (12) a carbamoyl. (13) a . alkoxy-carbonyl (e 

Wl5Tfo*7 ' V'-)- (^^) « ""-o-Ci-s alkyl-carbamoyl (e.g.. methylirbal^toy.. e^lcaSoSi 

A and IS typically (1) fom,yl (2) a C,^ alkylK:art>onyl group (e.g.. acetyl, propionyl. etc.). (3) a « aryl-cartoonyl group 
i± T Vi^^ ' "^ '^ aralkyl.^rt,onyl group (e.g.. phenylacetyl. etc.) (5) a 

S^Toi r ■ Trr'^T- ^ ^ ^'-C- alkyl:L,bamoy, group (e g '^^e'- 

^'^■)- (8) amono- ordi-C,^ alkyl-thiocarbamoj group (e.g.. me»ylthiocart)amoyl 
dirnethylljiocarbamoy . etc.). (9) a C,^ alkyl^ulfonyl group (e.g., methylsulfonyl. etc.), (10) a C,^ alM-sSZup 
(e.g..methylsulfinyl. etc.) andthe like, with fomiyl being preferred i< oiiqn sumnyi group 

, ! ^ hydrogen atom, optionally substituted hydrocarbon group or acyl group) 
[0101] A hydrocarbon group which may have asubstltuent represented by R* may for example be one similar to an 
opjonal^ subsMuted hydrocartx>n g«,up; exemplified as a substituent on Ring A. Lh C,, a^e ng pSed 

ueni on Ring A. with C,^ alkyl-carbonyl being preferred. 

Z ^^^^T^' ^ 9~"P' ^« 9™"P "«y be substituted by a cyano f ormyl 

and thelike. with a hydrogen atom being preferred especially yai-Trdno, lormyi 

H?" "°P*'°?"y substituted hydrocarbon group" represented by RS is one similar to an "optionally substituted 
hydrocart)on group" exemplified as a substituent on Ring A. P""naiiy suosmuiea 

[0105] A hydrocaitoon group represented by RS is preferabV a C,^ alkyl group (e.g methyl ethvl etc \ C alkenvi 

cycfopentyl. etc.). a 07.^6 aralkyl group (e.g.. benzyl. 3-phenylpropyl. S^Jhenylpentyl. etc ) and me like vwth a C alL 
group (especially, methyl) being particularly preferred ty . etc., ana me like, with a C,^ alkyl 

SoSe ?Jin^"Ir' kT'*" 9^°"P « P^«f«^«bly (1) a halogen atom (for example, fluorine, chlorine, . 

Z'o^ZTt^Tc '"-f " alkyl-carbamoy. (e.g.. methylca^^moyT e.hylc J- 

bamoyl, e c.). (8) a di-q^ alkyl-carbamoyl (e.g.. dimethyteartjamoyl. diethylcarbamoyl. etc.). (9) a 4- to 1 0-membered 

to Sri: '"''"i^ ' nitrogen, sulfur, oxygen atoms ind the «keTnTd^t"J 

to carbon atoms (e.g., pyndyl. isoindolinyl) whteh may have an 0x0. (11 ) a Cg.,, a^rl group (e.g., phenyl, etc.) and t^e 

^'°"K '^P'®"^"*«' « sf^i'a^to an "acyl group" exemplified as a substituent on Ring A 

? a^^Il'^t T^'f ' ' ^^-^ «"^'<«*o"y' 9^°"P (e g-, acetyl, propionyl. etc.). (3) a 

Stow^;^?r^ ^"'i"' ^''^ ^ "^-'^ aralkyl-ca*onyl group (e.g.. phenylacetyl. etc.) (5) a c' 

alkoxy-carbonyl group (e.g.. methoxycarbonyl. ethoxycarbonyl. etc.). (6) a carbamoyl group. (7) a mono- or di-C^! 
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alkyl-carbamoyl group (e.g., methylcarbamoyi, dimethylcarbamoyi, etc.), (8) a mono- or di-C^^ alkyl-thiocarbamoyl 
group (e.g., methylthiocarbamoyi, dimethylthiocarbamoy), etc.). (9) a C^^ alkyl-sulfony! group (e.g.. methylsulfonyl. 
etc.), (10) a C^^ alkyl-sulfinyl group (e.g., methyisulfinyl, etc.) and the like. 

[0108] An "optionally substituted heterocyclic group" represented by RS is one similar to an "optionally substituted 
heterocyclic group" exemplified as a substituent on Ring A. 

[01 09} ^ A heterocyclic group represented by R5 is preferably a 4- to 1 0-membere aromatic heterocyclic ring containing 
1 to 4 h^teroatom(s) selected from nitrogen, sulfur, oxygen atoms and the like In addition to carbon atoms (e.g., tetra- 
zolyl, etc.), etc. 

[0110] A substituent on said heterocyclic group is preferably a C^.^^ aryl group (e.g., phenyl, etc.) and the like. 
[Oil 1] A halogen atom represented by R5 is a fluorine atom, chlorine atom, bromine atom and iodine atom, with a 
chlorine atom being preferred. 
[04^-1^ 0epending*en*"X^;'R*'is^pp^ef^ 

[X=oxygen atom) 

(0 a hydrogen atom, 

(H) a C^^ alkyl group (e.g., methyl, ethyl. Isopropyl, butyl, etc.) 

[this C^^ alkyl group may have a substituent selected from (1) a halogen atom, (2) a hydroxy group, (3) an 
amino group. (4) a cariaoxy, (5) a carbamoyl, (6) a C^^ alkoxy-carbonyl, (7) a mono-Ci^ alkyl -carbamoyl, (8) 
a di-C^^ alkyl-carbamoyi, (9) 4-to 10-membered aromatic heterocyclic group containing 1 to 3 heteroatom(s) 
selected from nitrogen, sulfur, oxygen atoms and the like In addition to carbon atoms (e.g., pyridyl, 2-isoin- 
dolinyl, etc,)], 

(ili) a Cg^ alkenyl group (e.g., allyl. 2-methyl-propenyl, etc.)[this Cg^s a'^enyl group may have a C6,^4 aryl (e. 
g., phenyl)]. 

(iv) a alkenyl group (e.g., propargyl, etc.), 

(v) a Cg^ cycloalkyi group (e.g., cyciopentyl, etc.), 

(vO a Cy.^e aralkyi group (e.g., benzyl, 3-phenylpropyl, 5-phenylpentyl. etc.). 

(vii) a C.,.e alkyl-carbonyl group (e.g., acetyl, etc.), 

(viii) a aryl-carbonyl group (e.g.. benzoyl, etc.), 

(ix) a C7.16 aralkyl-carbonyi group (e.g., phenylacetyl, etc.), 

(x) C^^ alkoxy-carbonyl group (e.g.. methoxycarbonyl. ethoxycartjonyl. etc.), 

(xi) a mono- or di-C^^ alkyl-thiocarbamoyl group (e.g., methylthiocariaamoyl, dimethylthiocarbamoyi, etc.), 
(xli) an optionally halogenated C^^ alkyl-sulfcnyl group (e.g.. methylsulfonyl, etc.), 

(xiii) a 4- to 1 0-membered aromatic heterocyclic group containing 1 to 4 heteroatom(s) selected from nitrogen, 
sulfur, oxygen atoms and the like in addition to cartx)n atoms (e.g., tetrazolyl, etc.) 
[this heterocyclic ring may have a C^,^^ aryl (e.g., phenyl)], 

[X=nitrogen atom] 

<1> a hydrogen atom, 

<2> a C^^ alkyl group (e.g., methyl, ethyl, etc.) 

[this C^^ alkyl group may have a C^^ alkoxy-carbonyl], 

<3> a formyl, 

<4> a C^^ alkyl-cartDonyl group (e.g., acetyl, propionyl, etc.), 

<5> a C^^ alkoxy^cartjonyl group (e.g., methoxycarbonyl, ethoxycarbonyl, etc.), 

<6> a carbamoyl group. 

<7> a mono- or di-C^^ alkyl-carbamoyi group (e.g., methy Carbamoyl, dimethylcarbamoyi, etc.), 
<8> a alkyl-sulfonyl group (e.g., methylsulfonyl), 

[X=sulfur atom] 

<1> a C,^ alkyl group (e.g., methyl, ethyl, etc.), 

<2> a mono- or di-C,^ alkyl-carisamoyl group (e.g., methyk^arbamoyl, dimethylcarbamoyi), 

[X=bond] 

<1> a hydrogen atom, 

<2> a C^^ alkyl group (e.g. methyl), 
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<3> a halogen atom (e.g., chlorine atom). 

[0113] An -optionally substituted hydrocartwn group" represented by RS and R7 may be one similar to an "optionally 
substituted hydrocarbon group" exempHHed as a substituent on Ring A, and a 0^.6 alkyi group (e.g., methyl, ethyl, etc.) 
5 is preferred, with a methyl group being preferred especially. 

< [01 f4] , An "optionally substituted 3- to 8-membered ring" fomied by R6 and R7 together with the adjacent carton 
Y atom may be one similar to an "optionally substituted 3- to S-membered ring" formed by R2 and R^ together with the 
adjacent carbon atom described above, and among such groups an optionally substituted 3- to 8-membered homocyclic 
ring is preferred, with a C3.8 cycloalkane (for example, cyclobutane, cyclopentane. cyclohexane, cycloheptane. cy- 
clooctane) being preferred, and a 5- or 6-membered homocyclic ring such as cydopentane and cyclohexane (especially 
cyclopentane) being preferred. 
[OnSf Anv"opt?lonattys«bstitate#hychx>G^ 

substituted hydrocarbon group" exemplified as a substituent on Ring A. Among such groups, those exemplified pref- 
erably are a C^^ alkyi group, C^^ alkenyl group or alkynyl group each of which may have 1 to 5 substituent{s) 
selected from (1) a halogen atom, (2) an optionally halogenated C^^ alkyI, (3) an optionally halogenated C^^ alkoxy 
(4) an optionally halogenated C^^ alkylthio. (5) a hydroxy. (6) an amino, (7) a mono-C^^ alkylamino. (8) a di-C J 
alkylamino and the like, with C^^ alkyI group (e.g., methyl, ethyl, etc.) being preferred especially. 
[0116] Preferably, each of RQ and R^ may for example be a hydrogen atom. C^^ alkyI group (e.g., methyl, ethyO. 
with a hydrogen atom being preferred especially. 
^ [01 1 7] An optionally oxidized sulfur atom represented by X is S, SO and SOg with S and SO being preferred. 

[01 1 8] An "optionally substituted nitrogen atom" represented by X is one similar to an "optionally substituted nitrogen 
atom" represented by E described above, and those exemplified typically are (1) -NH-. (2) -N(Ci g alkyI)- (e g -N 
(methyl)-. -N(ethyl)-, -N(propyl)-, -N(isopropyl)-, etc.), (3) -N(Cq,,^ aryl)- (e.g., -N(phenyl)-, -N{2-naphthyl)-, etc) '(4) 
-N(C7.16 aralkyi)- (e.g.. -N(ben2yl)-, -N(phenethyl)-, etc.), with -NH- and -N(methyl)- being preferred especially. 
25 [0119] X is preferably a bond, O, S, SO. -NH-, -N(methyl)- and the like. 

[0120] Y is (1 ) an optionally substituted methylene group, or (2) a carbonyl group. 

[0121] A substituent on a methylene group may for example be a group selected from Substituent Group A described 
above, and among such groups those preferred are one or two C^^ alkyI group(s) (e.g.. methyl, ethyl, etc ) hydroxv 
group(s) and the like. /. j 7 

30 [0122] Y is preferably (1 ) a methylene group which may have one or two C^^ alkyI group(s) (e.g.. methyl, ethyl, ethyl) 
or (2) a carbonyl group, with a methylene group which may have one or two methyl(s) being prefen-ed, and a methylene 
group being especially preferred. 
[0123] n is 0 or 1 , with 0 being preferred. 

[01 24] As a compound according to the invention, any one of those listed below is prefen-ed 

35 

[Compound (l)-l] 
[0125] Compound (I) wherein: 
^ Ri is a group represented by Formula: 
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wherein each symbol is defined as described above, or a group represented by Formula: 
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Wherein each symbol is defined as described above, each of R2 and R3 is a hydrogen atom or optionally substituted 
hydrocarbon group, and R2 and may be taken together with the adjacent carton atom to form an optionally 
sabstttated!6^oTa^embered fing«^R*is^ffliydw 

acyl group or optionally substituted hydroxy group, RS is an optionally substituted hydrocarbon group, each of R^ 
and R7 is an optlonaliy substituted hydrocarbon group, and R« and R^ are taken together with the adjacent carbon 
atom to forni an optionally substituted 3- to 8-membered ring, each of RS and R^ is a hydrogen atom, X is an 
oxygen atom or optionally oxidized sulfur atom, Y Is a methylene group which may have one or two C,^ alkyi 
groups, and n isOor 1. 



20 



[Compound (l)-ll] 

[0126] Compound (I) wherein: 

is a group represented by Fomiula: 



25 



30 




wherein each symbol is defined as described above, or a group represented by Formula: 
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40 




co-Hal 



wherein each symbol is defined as described above, each of R2 and R^ is a hydrogen atom or optionally substituted 
hydrocarbon group, and R2 and R^ may be taken together with the adjacent carbon atom to form an optionally 
^5 substituted 3- to 8-membered homocyclic or heterocyclic ring, R* Is a hydrogen atom. RS is an optionally substituted 
hydrocartX)n group, each of R6 and R7 is an optionally substituted hydrocarbon group, and R^ and R^ are taken 
together with the adjacent carbon atom to fomri an optionally substituted 3- to 8-membered homocyclic ring, each 
of R8 and R® is a hydrogen atom, X is an oxygen atom or sulfur atom. Y Is a methylene and n Is 0 or 1 . 

so [Compound (l)-lll] 



[01271 Compound (I) wherein R^ is. 



(0 a aryl group whrch may have 1 to 3 substituent(s) selected from the following (1) to (23): 

(1) a halogen atom, 

(2) a nitro group. 

(3) a Ci^ alkyI group (e.g., methyl, isopropyl, tert-butyl and the like) 
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[this C,^ alky) group may have a subsUtuenl selected from a halogen atom, cyano. carbamoyl, C,^ alkyl- 
carbamoyl. C,^ alkylK^rbonyloxy. C,^ alkoxy^arbonyl^;,^ alkyl-carbamoyi, (5- or6-membered heterocyclic 
nng (e.g.. 5- or 6-membered heterocycBc ring containing 1 to 3 heteroatom(s) selected from nitrogen sulfur 
oxygen atoms and the like in addition to carbon atoms such as pyridyl))<;,^ alkyl-carbamoyl. C, . allwlsulfo- 
nylamino, C,.6 alkoxy-carbonyl and carboxy. etcj, ' i-« > 

- ^ (4) a C3.5 cycloalkyi group (e.g., cyclohexyl), 
' (5) a C6.14 aryl group (e.g.. phenyl) 

(this C6.„ aryl group may have a substituent selected from amino, carboxy, C,^ alkoxy-carbonyl carbamoyl 
mono- or di-C^.^ alkyfcarbamoyl. foimylamino, C,^ alkyl-carbonylamino which may have a halogen atom or 
carboxy (e.g.. acetylamino, propionylamino, trifluoroacetylamino, pivaloylamino). C. ,4 arylorbonylamino (e 
p.. benzoylamino). C,^ alkoxy-caibonylamino (e.g., methoxycarbonylamino), ureido, mono- or di-C,^ alkv- 
.lure.do,©,.^.alkyteulfonylaif«no^(«girmethyb^ 

rnethyl(methylsulfonyl)amino). {C,^ alkyl)(G,^ alkyl-carbonyl)amino (e.g., methyl(acetyl)amino, etc) c'' 
alkoxy-carbonyl-Ci^alkylamlno (e.g.. 2-ethoxycarbonyl-2-propylamino. etc.). C6.uaralkyloxy<artK)nylamino 
(eg., benzyloxycarbonylamino). C,^ alkyl^rbonylamino-C,^ alkyl-carbor>ylamlno (e.g.. acetylaml- 
noace^lamHio). C,^ alkyloxy-C,^ alkyl-carbonylamino-C,^ alkyl-carbonylamino (e.g., methoxyacetylami- 
noacetytemmo). C,^ alkylthio-C,^ alkyk:art)onylamlno (e.g.. methylthloacetytamino), c, - alkyl-sulfinyl-C,^ 
^^?^°"^ f^'"° (e.g., methylsulfinylacetylamino), C,^ alkyl-sulfonyl-C,^ alkyl^Lnylamlno (e g 
methylsulfonylacetylamino), C^,^ aryloxy-carbonylamino (e.g.. phenoxycarbonylamino). hydroxy-C,^ alM- 
carbarnoyl (e.g., hydroxymethytearbamoyi, hydroxyethylcarbamoyi). and may have a substituent selected es- 
pecially from amino carboxy. C,^ alkoxy-carbonyl. carbamoyl, mono- or di-C,.6 alkylcarbamoyl. formylamino 
C,.6 alkyl-carbonylamino whfch may have a halogen atom or carboxy (e.g.. acetylamino. propionylamino tri- 
fluoroacetylamino. pivaloylamino). C,.^ alkoxy^iarbonylamino (e.g.. methoxycarbonylamino). ureido. C, « 
alkyteulfonylamino (e.g., methylsulfonylamino), (C,^ alkyl)(C,^ alkylsulfonyl)amino (e.g.. methyl(methylsul^ 
fonyOammo etc.), (C,^ alkyO(C,^ alkyl-carbonyl)amino (e.g.. methyl(acGtyl)amino. etc.). C, . alkoxy-carbo- 
ny l-C,^ a^kylamino (e.g.. 2-ethoxycaibonyl-2-propylamino. etc.). Cg.^ aralkyloxyKaAonylamino (e.g.. ben- 
zytexycarbonylamino) and the like), ' j 1 \ 

(6) a C,.e alkoxy group which may have a halogen atom orC,^ alkoxy-C^.^ aiyl (e.g.. methoxy. trifluorometh- 
oxy, isopropoxy, 2-(4-methoxyphenyl)ethoxy, etc.), 

(7) a C6.,4 aryloxy group (e.g., phenoxy), 

(8) a C,.6 alkylthio group which may have a carbamoyl (e.g.. methylthio. carbamoylmethylthio) 

?„f ^A"* ^"^'^""'"y' 9'^°"P "lay have a carbamoyl (e.g., methylsulfinyl, carbamoylmethylsulfinyl) 

(1 0) a C6.14 arylthio group (e.g.. phenylthio). 

(11) a hydroxy group, 

(12) a 4- to 14-membered heterocyclic group containing 1 to 4 heteroatom(s) selected from nitrogen, sulfur 
oxygen atoms and the like in addition to caibon atoms (e.g., pyaolldlnyl, piperidyl, isoinaolinyl, furyl. thienyl' 
pyndyi. quinolyl. benzofuranyl, pyrimldinyl, tetrazolyl, imidazolidinyl, isothiazolidinyl, thiadiazolidinyl, azethinyl. 
etc.), ' 

[this heterocyclic group may have a substituent selected from 0x0. carboxy-C,^ alkyl. C, . alkyl-carbony- 
lo)qr-Ci^alkyl, c,.6 alkyl. C,.^ alkoxy-carbonyl-C,^ alkyl, C,^ alkoxyn^rbonyl. cart)amoyl-C. . alkyl. C,^ 
alkyl-carbamoyl-C,^ alkyl, etc.], » 1-6 / . 1-6 

(13) .a ca(t>oxy group, 

(14) a group represented by Formula: -CO-Hal (Hal is a halogen atom) (e.g., chlorofoimyl). 

(15) a C,.5 alkyl-carbonyl group (e.g.. acetyl, etc.), ' 

(16) a C,.6 alkyl-sulfonyl group (e.g.. methylsulfonyl. etc.), 

(17) a C,^ alkoxy-carbonyl group (e.g., methoxycaibonyl, etc.), 

(18) a sulfamoyi group 

(this sulfamoyi group may have 1 or 2 substituent(s) selected from C,^ allqrt, caibamoyl-C,.s alM. all<oxy- 
carbonyl-C,.6 alM. (5- to 7-membered heterocyclic group which may have an 0x0 group (e g 5- to 7-mem- 
bered heterocyclic group containing 1 to 3 heteroatom(s) selected from nitrogen, sulfur, oxygen atoms and 
t^nyl^oS" '"a^**"* ^ hexahydroazepinyl))-Ci^ alkyl; C,.^ alkyl- 

(19) a group represented by Formula: -NR^Rb 

(each of Ra and Rb is (i) a hydrogen atom, (ii) a C,^ alkyl, (iii) a (5- or 6-membered heterocyclic ring (e g 6- 
ore-merribered heterocyclfc ring containing 1 to 3 heteroatom(s) selected from nitrogen, sulfur, oxygen ato'ms 
and the like in addition to carbon atoms such as pyridyl))-C,.^ alkyl. (iv) a C,^ alkoxy-carbonyl-C,.. alkyl (v) 
a di-C,^ alkylamino-methylene^lfamoyl-C,.6 alkyl, (vi) a carbamoyl-C,.6 alkyl. (vii) a sulfamoyi^:, , alkyl 
(viii) a C,.6 alkyl-sulfonyl. (ix) a C,^ alkoxy-carbonyl, (x) a di-C,^ alkoxy-carbonyl-Ca.^ alkenyl. (xi) a Cg 
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aryl. (xii) a 5- or 6-membered heterocyclic ring (e.g., 5- or 6-membered heterocyclic ring containing 1 to 3 
heteroatom(s) selected from nitrogen, sulfur, oxygen atoms and the like in addition to carbon atoms such as 
pyridyl), [this 5- or 6-mennbered heterocyclic group niay have a substituent selected from amino. C^^ alkyl- 
carboxamldo and C^^ alkyl-sulfonylamino and the like], (xiii) an optionally halogenated C,^ alkyl-carbonyl, 
(xiv) a C^^ alkylthio-C^^ alkyl^rbonyl, (xv) a C^^ alkylsulfinyl-C^^ alkyl-carbonyl. (xvi) a C^^ alkylsulfo^ 
- nyl-C^^ alkyl-carbonyl. (xvii) an amino-Ci.6 alkyl-carbonyl, (xviii) an optionaUy halogenated C^^ alkyl-carbo- 
. 'nyl-amino-Ci^ alkylK^arbonyl, (xix) a Cg.^^ arylK^arbonyl, (xx) a carboxy-C6.i4 aryl-carbonyl, (xxi) an optionally 
alkyl-esterified phosphono-C^^ alkyl-Cg-u aiyl-carbonyl. (xxii) a (5- or 6-membered heterocyclic ring (e. 
g., 6- or 6-membered heterocyclic ring containing 1 to 3 heteroatom(s) selected from nitrogen, sulfur, oxygen 
atoms and the like in addition to carbon atoms such as pyn-olidinyl, pyridyl) whrch may have a halogen atom. 
0X0 or a C^_q aIkoxy-carbonyl)-cart)onyl, (xxiii) a (5- or 6-membered heterocyclkj ring (e.g., 5- or 6-membered 
heterocydic ring'comairong^l^te^S^ heteroatoF^ 

addition to cart)on atoms such as pyridyl))-Ci.6 aIkyl-cart)onyl, (xxiv) a Cq.^^ aryl-oxy-carbonyl, (xxv) a car- 
boxy-C^^ alkyi, (xxvi) a carbamoyl, (xxvii) an opttonally halogenated 0^.6 alkylcarbamoyi, (xxviii) a C6.u aryl- 
carbamoyl which may have a C^^ alkyl^rbonyiamino. (xxix) a (5- or 6-membered heterocyclic ring (e.g., 5- 
or 6-membered heterocyclic ring containing 1 to 3 heteroatom(s) selected from nitrogen, sulfur, oxygen atoms 
and the like in addition to carbon atoms such as pyridyl))K:art)amoyl. (xxx) a alkenyl-cart^onyl, (xxxi) a (5- 
or 6-membered heterocyclic ring (e.g.. 5- or 6-membered heterocyclic ring containing 1 to 3 heteroatom(s) 
selected from nitrogen, sulfur, oxygen atoms and the like in addition to carbon atoms such as pyrrolidinyl) 
which may have an oxo group)-amino-C^^ alkyl-carbonyl, (xxxii) a (5- or 6-membered heterocyclic ring (e.g., 

5- or 6-membered heterocyclic ring containing 1 to 3 heteroatom(s) selected from nitrogen, sulfur, oxygen 
atoms and the like in addition to carbon atoms such as pyn-olklinyl) whch may have an oxo group)(C^^ alkyI) 
amino-C^^ alkyl-carbonyl, (xxxiii) a (5- or 6-membered heterocyclic ring (e.g., 5- or 6-membered heterocyclrc 
ring containing 1 to 3 heteroatom(s) selected from nitrogen, sulfur, oxygen atoms and the like in addition to 
carbon atoms such as pyn-olidinyl) which may have an oxo group) (C^^ alkylcart^onyl) amino-C^^ alkyl-car- 
bonyl, (xxxiv) aCi^ alkylthlo-Ci^alkylcariaonyl (sulfuratom may be oxidized), (xxxv) an optionally halogenated 

alkylsulfonyl, (xxxvi) a sulfamoyi, (xxxvii) a C,^ alkylsulfamoyi and the like), 

(20) a group represented by Formula: -C(=0)NRcRd 

[each of Rc and R<* is (I) a hydrogen atom, (ii) a C^^q alkyl. (iii) a 5- or 6-membered heterocyclic ring (e.g., 5- 
or 6-membered heterocyclic ring containing 1 to 3 heteroatom(s) selected from nitrogen, sulfur, oxygen atoms 
and the like in addition to carbon atoms such as pyridyl, imida2olyl)-C^^ alkyl, (iv) a carboxy-C^ galkyl, (v) a 
Ci.6 alkoxy-carbonyl-Ci^ alkyl. (vl) a di-C^^ alkylamino-Ci.6 alkyl. (vii) a carbamoyl-C^ g alkyl. (viii) a C^^ 
alkylcarbamoyl-C^^ alkyl. (ix) a (5- or 6-membered heterocyclic ring (e.g., 5- or 6-membered heterocyclic ring 
containing 1 to 3 heteroatom(s) selected from nitrogen, sulfur, oxygen atoms and the like in addition to cart)on 
atoms such as pyridyl))-Ci^ alkylcartDamoyl-Ci^ a'kyl. (x) a (5- or 6-membered heterocyclic ring (e.g.. 5- or 

6- membered heterocyclic ring containing 1 to 3 heteroatom(s) selected from nitrogen, sulfur, oxygen atoms 
and the like in addition to cariaon atoms such as pyridyl))-amino-Ci^ alkyl, (xi) a sulfamoyl-C^.^ aryl-C^^ 
alkyl. (xii) a Cg-u aryl which may have C^^e alkoxy. (xiii) an optionally C^^ alkyl-esterified phosphono-C^^ 
alkyl-C6.,4 aryl, (xiv) a 4- to 1 0-membered heterocyclic group (e.g., 4- to 1 0-membered heterocyclk: ring con- 
taining 1 to 3 heteroatom(s) selected from nitrogen, sulfur, oxygen atoms and the like in addition to carbon 
atoms such as azethinyl, pyn-olidinyl, piperidinyl. hexahydroazepinyl, pyridyl, pyrimidinyl, pyrazlnyl, pyridazinyl, 
1-azabk;yclo[2.2.2]octo-3-yl, etc.) (this 4- to 10-membered heterocyclic group may have 1 to 2 substituent(s) 
selected from a halogen atom, C^^ alkyl and oxo, etc.], (xv) a C6.14 aryl-carbamoyl-C^^ alkyl. (xvi) a hy- 
droxy-C^.6 alkyl or (xvii) a (5- or 6-membered heterocyclic ring (e.g., 5- or 6-membered heterocyclic ring con- 
taining 1 to 3 heteroatom(s) seleaed from nitrogen, sulfur, oxygen atoms and the like in addition to cartoon 
atoms such as pyrrolidinyl. pyridyl) which may have a 0x0 group)-carbamoyl-Ci^ alkyl; and is preferably 
a hydrogen atom), 

(21) acyano group, 

(22) a mono- or di-C^^ alkylcarbamoylthio group (e.g., dimethylcarbamoylthio), 

(23) a mono- or di-C^^ alkylthiocarbanrwyloxy group (e.g.. dimethylthiocarbamoyloxy); 

(ii) a 4- to 14-membered heterocyclic group containing 1 to 4 heteroatom(s) selected from nitrogen, sulfur and 
oxygen atoms in addition to carbon atoms which may contain 1 to 3 substituent(s) selected from the following (1) 
to (8): 

(1) a halogen atom. 

(2) a C^^ alkyl group [this alkyl may have a substituent selected from carboxy, C^^ alkoxy. C^^ alkoxy-cartD- 
onyl. mono-Ci^ alkyl-amino. di-Ci^ alkyl-amino, cart^amoyl. C^^ alkylcarbamoyi whfch may have a hydroxy. 
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4- to 10-membered heterocyclic group containing 1 to 3 heteroatom(s) selected from nitrogen sulfur and 
oxygen atoms in addition to carbon atoms which may have oxo. (4- to 10-membered heterocyclic ring con- 
taining 1 to 3 heteroatom(s) selected from nitrogen, sulfur and oxygen atoms in addition to carbon atomsV 
carbamoyl, carbamoyl-C,^ alkyl-caibamoyi], 
(3) a C^^ aikoxy group, 
L " ;(4)aC6.,4arylgroup. 

\ ■■ (5) a Cy.te aralkyi group [this Cy.^e aralM group may have a substituent selected from caitoxy C, g alkoxy- 

caibonyl, carbamoyl. C,^ alkylH^artoamoyl which may have hydroxy, (4- to 10-membered heterocyclic ring 
containing 1 to 3 heteroatom(s) selected from nitrogen, sulfur and oxygen atoms in addition to carbon atoms)- 

carbamoyl], ' 

(6) a 4- to 1 0-membered heterocyclic group containing 1 to 3 heteroatom(s) selected from nitrogen sulfur and 
oxygen-atoms.inaddition-tocart)on.atoins»phis«*-to.1«HT,embefB^ 

selected from a C,^ alkyi, C,^ alkoxy-carbonyl, carbamoyl, oxo. 4- to 1 0-membered heterocyclic group con- 
taining 1 to 3 heteroatom(s) selected from nitrogen, sulfur and oxygen atoms in addition to carbon atoms! 

(7) an 0X0 group, " 

(8) an oxkle group; 

(ill) a Cj^ cydoalkyl group; or, 

Ov) a group represented by Formula: -L'-R'^' (U is methylene, carbonyl or an optionally substituted nitrogen atom 
R « IS (1 ) a hydrogen atom. (2) a Cg-u aryl group which may have 1 to 5 substituent(s) selected from a C, « alkyI 
and C,^ aikoxy. <3) a hydroxy group which may be substituted by a C,^ alkyI group, (4) a C, . alkyl-amino group 
which may be substituted by a 4- to 10-membered heterocyclic ring containing 1 to 3 heteroatom(s) selected from 
nitrogen, oxygen and sulfur atoms in addition to caitoon atoms, (6) a Ce.^ aiyl-amino group or (7) a (4- to 1 0-mem- 
bered heterocyclic ring containing 1 to 3 heteroatom(s) selected from nitrogen, oxygen and sulfur atoms in addition 
to carbon atoms)-amino group), 

each of R2 and R3 is (1) a hydrogen atom, (2) a C,^ alkyI group which may be substituted by <1 > a halogen atom 
<2> an optionally subsbtuted hydroxy group (tor example, a hydroxy group which may be substituted by a substit- 
uent selected from a C,^ alkyl. C,^ alkylH^rbonyl, C^^ alkylsulfonyl and C^.,^ aralkyQ. <3> an optionally substi- 
tuted ammo group (for example, an amino group which may be substituted by 1 or 2 C,^ alkyl. C,^ alkyl-carbonyl 
and C6.,4 aryl-carbonyl. etc.), <4> an optionally substituted 4- to 10-membered heterocydte group (for example 
a 4- to 10-membered heterocyclic group containing 1 to 3 heteroatom(s) selected from nitrogen, oxygen sulfur 
atoms and the like in addition to carbon atoms which may have an oxo group (e.g., phthalimido. imidazolinyl 
piperidinyl, pyn^olidinyl)), <5> an optionally substituted thio group (for example, a thio group whtoh may have a 
Ci.6 alkyl). <6> a C,^ alkyl-sulfinyl group or <7> a C,.6 alkyl-sulfonyl group, or (3) a C,^ alkoxy-carbonyl group. 

R2 and R3 may be taken together with the adjacent carbon atom to fomi a Cg g cycloalkane 
R* is (i) a hydrogen atom, (ii) a cyano group, (iii) aC,^ alkyl group (this C,.6 alkyl group may have a substituent 
selected frotn (1) a ha ogen atom, (2) a cyano group, (3) a C,^ aikoxy group, (4) a hydroxy group. (5) an amino group. 
6) a mono-C,^ alkylamino group, (7) a di-C,^ alkylamino group, (8) a tri-C,^ alkylammonium group. (8) a 4- to 
10-niembered heterocyclic group containing 1 to 3 heteroatom(s) selected from nitrogen, sulfur and oxygen atoms in 
a<Wition to carbon atoms which may have an oxo, (9) a C^,, arylthio, (10) an ureido, (11) a carboxy, (12) a carbamoyl, 
13) a C,^ alkoxy^rbonyl, (14) a mono-C,^ alkyl^ibamoyl, (IS) a fomiylamino and (16) a C. .alkyl^rboxamidol 
(IV) a C2.6 alkenyl group or (V) a foimyl group; 

X is a bond, oxygen atom, optionally oxidized sulfur atom. -NH- or -N(methvl)- 

R5 is, ^ Jl • 

when X is a bond, then (i) a hydrogen atom, (ii) a C^.g alkyl group or (iil) a halogen atom 
when X is an oxygen atom, then (i) a hydrogen atom, (ii) a C,^ alkyl group [this C,^ alkyl group may have a 
substrtuent selected from (1 ) a halogen atom, (2) a hydroxy group. (3) an amino group. (4) a carboxy, (5) a carbamoyl 
(6) a C^^ alkoxy-caibonyl, (7) a mono-C,^ alkyl-carbamoyl. (8) a di-C,^ alkyl-carbamoyl. (9) a 4- to 10-membered 
heterocyclic group containing 1 to 3 heteroatom(s) selected from nitrogen, sulfur and oxygen atoms in addition to 
carbon atoms], (.1.) a C^^ alkenyl group [this alkenyl group may have a C^^u aiyl]. (iv) a C^^ alkynyl group (v) a 
Cg^ cydoalkyl group, (vi) a C^.^g aralkyi group, (vii) a C,^ alkyl-carbonyl group, (viii) a Cg.,^ aryl-carbonyl group (ix) 
a C^^ aJkoxy-carbonyl group, (x) a mono- or di-C,^ alkyl-thiocarbamoyi group, (xi) an optionally halogenated C,^ 
alkyl-sulfonyl group or (xiO a 4- to lO-membered heterocydic group containing 1 to 4 heteroatom(s) selected froi^ 
nitrogen, sulfur and oxygen atoms in addition to carbon atoms (this heterocydic group may have a C^. . aiylj 

when X is an optionally oxidized sulfur, then (i) a C,^ alkyl group or (ii) a mono- or di-C,^ alkylH^rbamoyi group 
when X is -NH- or -N(methyl)., then (i) a hydrogen atom, (ii) a C,^ alkyl group (this C,.^ alkyl group may have a 
C,^ alkoxy-carbonyll. (iii) fonnyl. (iv) a C,^ alkyl^rbonyl group, (v) a C,^ alkoxy-carbonyl group, (vi) a carbamoyl 
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group, (vii) a mono- or di-C,^ alkyl-carbamoyl group or (viii) a C^^ alkyl-sulfonyl group, 
each of and is a hydrogen atom or C^^ alkyl group, 

R6 and R7 may be taken together with the adjacent carbon atom to fonm a cycloalkane. 
Each of ffi and R^ is a hydrogen atom or a C^^ alkyl group, 

Y is <1 > a methylene group which may have 1 or 2 C^^ alkyl or hydroxy group or <2> a carbonyl group, 

^-n is 0 or 1 . 

[Compound (l)-IV] 

[0128] Compound (I) wherein Ri is, 

{»y»©6:^^.afyhgre)iip^which^fnay-have'1*to^^^ 

(1 ) a halogen atom, 

(2) a nitro group, 

(3) a C^^ alkyl group [this C^^ alkyl group may have a substituent selected from a halogen atom, cyano, 
caitoamoyi, C^^ alkyl-carbamoyl, C^^ alkyl-caibonyloxy, C^^ alkoxyKjaibonyl-C,^ alkyl-carbamoyl, (5- or 
6-membered heterocyclic ring containing 1 to 3 heteroatom{s) selected from nitrogen, sulf urand oxygen atoms 
In addition to carbon atoms)-Ci^ alkyl-carbamoyl. C|^ alkylsulfonylamino, C^^ alkoxy-carbonyl and carboxy], 

(4) a C3^ cycloalkyi group, 

(5) a C6.t4 aryl group 

[this C6.14 aryl group may have a substituent selected from amino, optionally halogenated C^.e alkyl-carbon- 
ylamino, ureido, C^^ alkylsulfonylamino, (C^^ alkyl)(C,^ alkylsulfonyl) amino, C^^ alkoxyKsarbonyl-C. - 

alkylamino], 

(6) a Ci_6 alkoxy group which may have a halogen atom or C^^ alkoxy-Ce-u aryl, 

(7) a C6,i4 aryloxy group, 

(8) a C^^ alkylthio group, 

(9) a C^^ alkylsulfinyl group, 

(10) a 

^6-14 aryithio group, 

(11) a hydroxy group, 

(12) a 6- to 14-membered heterocyclk: group containing 1 to 4 heteroatom(s) selected from nitrogen, sulfur 
and oxygen atoms [this heterocyclic group may have a substituent selected from oxo. carboxy-C^^ alkyl, 0^^ 
alkyl-carbonyloxy-Ci^ alkyl. C^^ alkoxy-carbonyl-Ci^ alM, C^^ alkyl-carbamoyl-Ci^ alkyl], 

(13) a carboxy group, 

(14) a group represented by Formula: -CO-Hal (Hal is a halogen atom). 

(15) a C^.6 alkyl-carbonyl group, 

(1 6) a C^^ all^l-sulfonyl group, 

(1 7) a C^^ alkoxy-carbonyl group, 

(1 8) a sulfamoyl group [this sulfamoyi group may have a substituent selected from a C^^ alkyl, carbamoyl-C^^ 
alkyl, (5- or 6-membered heterocyclic ring containing 1 to 3 heteroatom(s) selected fix)m nitrogen, sulfur and 
oxygen atoms in addition to carbon atoms)-C^^ alkyl]i 

(19) a group represented by Formula: NR^Rb [each of Ra and Rb is (i) a hydrogen atom, (ii) a C^^ alkyl, (iii) 
a (5- or 6-membered heterocyclic ring containing 1 to 3 heteroatom(s) sele<^edfrom nitrogen, sulfur and oxygen 
atoms in addition to carbon atoms)-C^^ alkyl, (iv) a C^^ alkoxy-carbonyl-C^^ alkyl, (v) a di-Ci^ alkylamlno- 
methylene-sulfamoyl-Ci^ alkyl, (vl) a carbamoyl-Ci^g alkyl, (vii) a sulfamoyl-C^^ alkyl, (vili) a C^^ alkyl-sul- 
fonyl, (ix) a Ci^ alkoxy-carbonyl. (x) a dl-C^^ alkoxy-carbonyl-Cg^ alkenyl, (xi) a C6.14 aryl, (xll) a 5- or 6-mem- 
bered heterocyclic group containing 1 to 3 heleroatom(s) selected from nitrogen, sulfur and oxygen atoms in 
addition to carbon atoms [this 5- or 6-membered heterocyclic group may have a substituent selected from 
amino, 0^.6 alkyl-carboxamido and C^^ alkyl-sulfonylamino], (xiii) an optionally halogenated C^^ alkyl-caib- 
onyl, (xiv) a C^^ alkylthio-C^^ alkyl-carbonyl, (xv) a C^^ alkylsulfinyl-C^^ alkyl-carbonyl, (xvl) a C^^ alkylsul- 
fonyl-C^^ alkyl-carbonyl, (xvii) an amino-C^^e alkyl^arbonyl, (xviil) an optionally halogenated C^^ alkyl-carb- 
onyl-amino-C^^ alkyl-carbonyl, (xix) a C6.14 arylncarbonyl, (xx) a carboxy-C6.i4 aryl^arbonyl, (xxi) an option- 
ally C,^ alkyl-esterified phosphono-C,_g alky!-C^^4 aryl-carbonyl, (xxli) a5- or 6-membered heterocyclic ring 
coritaining 1 to 3 heteroatom(s) selected from nitrogen, sulfur and oxygen atoms in addition to carbon atoms, 
(xxiii) a (5- or 6-membered heterocyclic ring containing 1 to 3 heteroatom(s) selected from nitrogen, sulfur and 
oxygen atoms in addition to carbon atoms which may have a C^_6 alkoxy-carbonyl)-C^^ alkyl-carbonyl. (xxiv) 
a C6.14 aryloxy-carbonyl. (xxv) a carboxy-C^^ alkyl or (xxvi) a carbamoyl], 

(20) a group represented by Fonmula: -C(=0)NRcRd [each of R*^ and R** is (i) a hydrogen atom, (ii) a C^^ alkyl. 
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(iiO a (5- or 6-nf.embered heterocyclic ring containing 1 to 3 heteroatom(s) selected from nitrogen sulfur and 
ojq^gen atonris m addition to carbon atoms)-C,^ alkyl. (iv) a carboxy-C,^ alkyl. (v) a C,^ alkoxy<arbonyK), - 
alkyl. (vO a di-C,^ alkylam.no-C,^ alkyl. (vii) a carbamoyl-C,^ alkyl, (viii) a C,^ alkylcarbamoyl-C, 'alM 
(IX) a (5- or 6-membered heterocyclic group containing 1 to 3 heteroatom(s) selected from nitrogen sulfur and 
. oxygen atoms)-C,^ alkyl-carbamoyl^,^ alkyl. (x) a (5- or 6-men*ered heterocyclic group containing 1 to 3 
.heteroatom(s) selected from nitrogen, sulfur and oxygen atoms in addition to carbon atoms)-amino-C,^ alkyl 
••(XI) a sulfamoyl-Cfi.,, aryl-C,^ alkyl. (xii) a Cs.,, aryl which may have a C,^ alkoxy. (xiii) a C, . a\kXc'' 
ary which may have an optionally C,^ alkyl-esterified phosphono group, (xiv) a 4- to 10-membered heterot 
cydic nng containing 1 to 3 heteroatom(s) selected from nitrogen, sulfur and oxygen atoms in addition to 
cart)on atoms [this heterocyclic group may have 1 or2 substituent(s) selected from a halogen atom. C,^ alkyl 
andoxo]or(xv)aC6.i4aiyl-cart3amoyl-C,^alkyl; • . i^ Nyi 

(ii) a 5- to 14-membered heterocyclic group containing 1 to 4 heteroatom(s) selected from nitrogen sulfur and 
oxygen atoms in addrtion to caibon atoms which may contain 1 to 3 substituent(s) select^ from the following (1) 

(1) a halogen atom, 

(2) a C,^ alkyl group [this alkyl may have a substituent sele<aed from carboxy. C, . alkoxy C. . aOcoxy-caib- 
onyl. mono-C,^ alkyl-amino. di-C,^ alkyl-amino. cartjamoyl. C,^ alkylK^arbamoyl whfch may have a hydroxy 
4- to 10-membered heterocyclic group containing 1 to 3 heteroatom(s) selected from nitrogen sulfur and 
oxygen atoms in addition to caibon atoms which may have oxo. (4- to 10-membered heterocyclic ring con- 
taining 1 to 3 heteroatom(s) selected from nitrogen, sulfur and oxygen atoms in addition to carbon atoms)- 
caitoamoyl. caifeamoyl-C,^ alkyl-caitoamoylj, 

(3) a C,^ alkoxy group. 

(4) a C6.,4 aryl group. 

(5) a C7.16 aralkyi group [this C^.^g aralkyi group may have a substituent selected from carboxy C, = alkoxy- 
carbonyl. cartjamoyl. C,^ alkyl^rbamoyl which may have a hydroxy. (4- to 10-membered heterocycfc rinq 
containing 1 to 3 heteroatom(s) selected from nitrogen, sulfur and oxygen atoms in addition to carbon atoms^ 
caibamoyi]. ' 

(6) a 4- to 1 0^^lembered heterocyclic group containing 1 to 3 heteroatom(s) selected from nitrogen sulfur and 
oxygen atoms in addition to carbon atoms [this 4- to 1 0-membered heterocyclic group may have a substituent 
selected from a C,^ alkyl, C^g alkoxy-carbonyl. carbamoyl. 0x0. 4- to 1 0-membered heterocyclic group con- 
taining 1 to 3 heteroatom(s) selected from nitrogen, sulfur and oxygen atoms in additton to caibon atoms! 

(7) an 0x0 group, " 

(8) an oxide group; 

(iii) a C3.6 cycloalkyi group; or, 

(h/) a group represented by Fomiula: -L'-Ria' (f is methylene, cattonyl or an optionally substituted nitrogen atom. 
H IS (1) a hydrogen atom, (2) a Cg-u aryl group which may have 1 to 5 substituent(s) selected from a C,^ alkvl 
and C,^ alkoxy, (3) a hydroxy group which may be substituted by a C,^ alkyl group. (4) a C,^ alkyl-amino group 
which may be substituted by a 4- to 1 0-membered heterocyclic ring containing 1 to 3 heteroatom(s) selected from 
nitrogen, oxygen and sulfur atoms in addition to cartoon atoms. (6) a Cg.^ aiyl-amino group or (7) a (4- to 1 0-mem- 
bered heterocyclic ring containing 1 to 3 heteroatom(s) selected from nitrogen, oxygen and sulfur atoms In addition 
to carbon atoms)-amino group). 

each of R2 and R3 is (1 ) a hydrogen atom. (2) an optionally halogenated C.^ alkyl group or (3) a C,^ alkoxv- 
cartoonyl group. 1-0 ^ ^ v / 1^ , 

R2 and R3 may be taken together with the adjacent caibon atom to form a Cg g cycloalkane. 

R IS (I) a hydrogen atom, (11) a C,^ alkyl group [this C,^ alkyl group may have a substituent selected from 
(1) a t^logen atom, (2) a cyano group, (3) a C^^ alkoxy group, (4) a hydroxy group, (5) an amino group, (6) a 
mono-C,^ alkylaminogroup, (7) a di<Ji^ alkylamino group, (8) a tri-C,^ alkylammonium group, (8) a 4- to 1 0-mem- 
bered heterocyclic group containing 1 to 3 heteroatom(s) selected from nitrogen, sulfur and oxygen atoms in ad- 
di^on to carbon atoms which may have an 0x0, (9) a C6.„a,ylthk), (10) an uroido, (11) a cartjoxy, (12) a cartiamoyl 

1 /.-t 'r^ (14) a nriono^,^aikylKart)amoyl, (IS) afotmylamino. (16) a C,^ alkyl^rboxamido] 

or(ui)aC2^alkenylgroup; " i-«> ' 1 

X is a bond, oxygen atom, sulfur atom, -NH- or -N(methyO-, 
RSis. 

when X is a bond, then (i) a hydrogen atom, (ii) a C,^ alkyl group or (in) a halogen atom, 

when X IS an oxygen atom, then (i) a hydrogen atom, (ii) a C,^ alkyl group rthis C,^ alkyl group may have 
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a substituent selected from (1) a halogen atom, (2) a hydroxy group, (3) an amino group, (4) a carboxy. (5) a 
cartamoyl. (6) a C^^ alkoxy-carbonyl, (7) a mono-Ci.6 alkyl-carbamoyl. (8) a di-C^^ alkyl-carbamoyl. (9) a 4- to 
10-membered heterocyclic group containing 1 to 3 heteroatom(s) selected from nitrogen, sulfur and oxygen atoms 
in addition to carbon atoms], (iii) a C2.6 alkenyl group [this C^^ alkenyl group may have a C^^^ aryl.]. (iv) a C2.6 
alkynyl group, (v) a cycloalkyi group, (vi) a Cj.^q aralkyi group, (vii) a C^^ alkyl^rbonyl group, (viii) a Cq,^^ 
aryl-carbonyl group, (ix) a C,^ alkoxy-carbonyl group, (x) a nrrano- or di-C^^ alkyl-thiocarbamoyi group, (xi) an 
optionally hatogenated C,^ alkyl-sulfonyl group or (xii) a 4- to 10-membered heterocyclic group containing 1 to 4 
heteroatom(s) selected from nitrogen, sulfur and oxygen atoms in addition to carton atoms [this heterocyclic group 
may have a Oq.^^ aryl], 

when X is a sulfur atom, then (i) a C^^ alkyi group or (ii) a mono- or di^:^^ alkyt-carbamoyl group, 
when X is -NH- or -N(methyl)-, then (i) a hydrogen atom, (ii) a C^^ alkyI group (this C^^ alkyI group may 
have-^ff a>koxy<:aitJo«yft^ 

carbamoyl group, (vii) a mono- or di-C^^ alkyl-carbamoyi group or (vili*) a C^^ alkyl-sulfonyl group, 
each of and is a hydrogen atom or C^^ alky! group, 

R« and R7 may be taken together with the adjacent carbon atom to form a C3.8 cycloalkane, 
each of R^ and R® is a hydrogen atom or a C^.g alkyi group, 
Y is (1 ) a methylene group whtoh may have a hydroxy group or (2) a carbonyl group, 
n is 0 or 1 . 

20 [Compound (l)-V] 

[0129] Compounds produced in Examples 1 to 588 or salts thereof. 

[Compound (l)-VI] 

25 

[0130] Compounds produced in Examples 1 to 438 or salts thereof. 
[Compound (l)-VII] 
30 [0131] 

(i) 2-(Methylsulfinyl)-N-[3-(3,4.8.9-tetrahydro-6-methoxy-3,3,8.8-tetramethylfuro[2,3-hlisoquinolin-1-yl)phenyl] 
acetamide, 

(ii) N-(methylsulfonyl)-N-[3-(3,4,8,9-tetrahydro-6-methoxy-3,3,8,84etramethylfuro[2.3-h]isoquinolin-1-yl)phenyl] 
35 methanesulfonamide, (iii) N-[2-(4-pyridinyl)ethyl]-3-(3,4.8.9-tetrahydro-6-methoxy-3,3,8,8-tetramethylfuro[2,3-h] 

isoquinolin-1-yl)ben2amide. (iv) N-(2-amino-2-oxoethyl)-3-(3.4,8,9-tetrahydro-6-methoxy-3,3.8,8-tetramethyIfuro 
[2.3-h]isoquinolin-1-yl)benzamide, (v) N-methyl-3-(3.4,8,9-tetrahydro-6-methoxy-3,3.8,8-tetramethytfuro[2,3-h] 
isoquinolin-1-yI)benzamide, (vi) N-ethyl-3-(3.4,8.9-tetrahydro-6-methoxy-3.3,8,8-tetramethylfuro[2,3-h]isoquino- 
lin-1 -yl)benzamide, (vii) N-[3'-(3,4.8,9-tetrahydro-6-methoxy-3,3,8,8-tetramethylfuro[2,3-hlisoquinolin-1 -yl)I1 .1 
40 biphenyl]-3-yl]acetamide, (viii) N-(2«amino-1 ,1-dimethyl-2-oxoethyl)-3-(3,4,8,9-tetrahydro-6-methoxy-3,3,8,8-te- 

tramethylfuro[2,3-hlisoquinolin-1-yl)benzamide, (ix) 3-(6-ethoxy-3,4.8,9-tetrahydro-3,3,8,8-tetramethylfuro[2,3-h] 
isoquinolin-1-yl)-N-methylbenzamide. (x) N-[2-amino-2-oxoethyl]-3-(6-ethoxy-3,4,8,9-tetrahydro-3,3,8,8-tetrame- 
thylfuro[2,3-h]isoquinolin-1 -yObenzamlde, (xi) N-(2-amino-1 ,1 -dlmethyl-2-oxoethyl)-3-(6^thoxy-3,4,8,9-tetrahy- 
dro-3,3,8,8-tetramethyIfuro[2,3-h]isoquinolin-1-yl)benzamide, (xii) N-[3-(6-ethoxy-3,4,8,9-tetrahydro-3,3.8.8-te- 
tramethylfuro[2,3-hjlsoquinolin-1 -yl)phenyl]methanesulfonamide, (xili) N-(hydroxymethyO-3-(3.4.8,9-tetrahydro- 
6-methoxy-3,3.8.8-tetramethyIfuro[2,3-h]isoquinolin-1-yl)benzamide or its salts. 

[Compound (l)-VIII] 
50 [0132] 

(i) 2-(Methylsulfinyl)-N-[3>(3,4,8,9-tetrahydro-6-methoxy-3,3,8,8-tetramethyIfuro[2,3-h]isoquinolin-1-yl)phe^ 
acetamide, 

(ii) N-(methyIsulfonyl)-N-[3-(3,4,8,9-tetrahydro-6-methoxy-3.3.8.8-tetramethylfuro[2,3-h]isoquinolin-1-yO 

S5 methanesulfonamide. (iii) N.[2-(4-pyridinyl)ethyl]-3-(3,4.8,9-tetrahydro-6-methoxy-3.3,8,8-tetramethylfurot2.3-h] 

isoquinolin-1-yl)benzamide, (iv) N-(2-amino-2^xoethyl)-3-(3,4.8,9-tetrahydro-6-methoxy-3,3,8,8-tetramethylfuro 
[2,3-hJisoquinolin-1-yl)benzamide, (v)N-methyl-3-(3,4,8.9-tetrahydro-6-methoxy-3.3,8,8-tetramethytfuro[2,3-h] 
isoquinolin-1-yl)benzamide, (vQ N-ethyl-3-(3.4,8.9-tetrahydro-6-methoxy-3.3,8.8-tetramethylfufo[2,3-h]isoquino- 
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lin-l-yDbenzamide. (vii) N^3'K3,4.8.94etrahydro.6-methoxy^.3.8.84etrameth^^^ r 
biphenyn-S-ylJacetamide or Its salts. 

[01 33] A compound having a partial structure represented by Fomiula: 
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!^ — ^ "'"f """"^ °' """""'^ """'^ ^ Phaimaceutical composition accoKling to the invention Is 

typically a compound represented by Formula: ■"vcmiom*, 




(1-0 



wherein each of Ring A. Ring B and Ring C may have a substituent similar to that described above more typlcallv a 
compound represented by Fomiula: lypicaiiy a 



35 



40 




^ O'-I) 



45 



Ui^t?,'"^ ^ """^^ °' ^"'^ "^^'^^ sy^''°'s are defined as descried above 
fni^ — ^ ^'"^"^ ""^y ^^"^ ^ "y'^^^S^" ^t""* °r a substituent described above. 

So As Compound (A-1), (1-1) or (I'-l ) according to the invention, a compound produced In any of Examples 1 to 

?o-.,r T"'^"'^ ^'"^P" '° and 139 IS specifi^y employed. ^ ^ 

der!!.LtLT^^ ^.T"""^ compound (I) or (!•) according to the invention Is described below. It should be un- 
derstood that Compound (la), (lb) and (Ic) are encompassed in Compound (I) 

bv Sem^iTtnTy ^'h ^"'k', '^''''"^ '° ""^'""^ ^''^'^ ''^ ^^'^ '"^^''^d^ represented 

Dy bctiemes 1 to 1 7 shown below or analogous methods 

«> Sd below."'""''' ^' ^'"'^ ^'""'^ ''^ «*=«>^<*«"«=« the pmduction methods de- 

Sli!.!L f ^ "11'*^ ^^''^ ^ """'P"""'^ ^^^^^^ ^ the following schemes is 

^^ef^T^ f'"''' ''""^"""'^ »° (^"> C^'"') to C^'XO encompass 

itLf^ ^ ^" "'^y ^''^'"P'^ «"""arto a salt of Compound (I) or (V) 

0140] Compounds (10. (III'). (VI'). (VIb'). (VII'), (Vila'). (1X1 (Xl^. (XIO. (XIII'), (XVIII') (XVIIIa') (XX'l (XXI'i <XXVir^ 

i^go^ rSSi^ ' "^'^ '^""^'^"y- «^ ""^y ^'^^ "y a method known per se or ^ 

[01411 Solvent referred to as general names employed in the following reactions are. unless othenwise specified. 
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alcohol including methanol, ethanol, 1-propanol, 2-propanol and tert-butyl alcohol, etc, ether including diethyl ether, 
diisopropyl ether, diphenyl ether, tetrahydrofuran, 1,4-dioxane and 1 .2-dimethoxyethane. etc., hydrocarbon including 
benzene, toluene, cyclohexane and hexane, etc., amide Including N.N-dimethylfonnamide, N.N-dimethylacetamide 
and hexamethylphosphoric triamlde. etc., halogenated hydrocarbon including dichloromethane. chloroform, carbon 
5 tetrachloride and 1 ,2-dichloroethane, etc., nitrile including acetonitrile and propionitrile, etc., ketone including acetone 
* and e^jrl methyl ketone, etc., organic acid including formic acid, acetic acid, propionic acid, trifluoroacetic acid and 
\ methandsulfonrc acid, etc., aromatic amine including pyridine. 2,6-lutidine and quinoline, etc., sulfoxide including dime- 
' thyl sulfoxide, etc. 

[0142] Bases referred to as general names employed in the following reactions are, unless otherwise specified, 
10 inorganic base including sodium hydroxide, potassium hydroxide, lithium hydroxide and barium hydroxide, etc., basic 
salt including sodium carbonate, potassium carbonate, cesium carbonate, sodium hydrogen carbonate, sodium acetate 
afwJ'ammoniurTv^acetate^ etc:, aiwi^ic^aronieir^^ 

tripropylamine, tributylamine, N-ethyldiisopropylamine, cyclohexyldimethylamine, 4-dimethylaminopyridine, N.N- 
dimethylaniline, N-methylpiperidine, N-methylpyrrolidine and N-methylmorphollne, etc., alkaline metal hydride includ- 
15 ing sodium hydride and potassium hydride, etc., metal amide Including sodium amide, lithium dilsopropylamide and 
lithium hexamethyldisllazide, etc., alkyi metal including butyllithium and tert-butyliithium, etc., aryl metal including phe- 
nyllithium, etc., metal alkoxide Including sodium methoxide, sodium ethoxide. sodium tert>butoxlde and potassium teit- 
butoxlde, etc. 

[0143] While a product can be used as a reaction solution or a crude material in the next reaction, it can be isolated 
20 from the reaction mixture according to a standard method, and can readily be purified by an ordinary separation pro- 
cedure (e.g., recrystallization, distillation, chromatography, etc.). 
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Scheme 1 



\ 



10 



15 



20 



25 



30 



35 



40 



45 



HO. 



50 




CHO 





V. 1 

m 



r'-cn r" 




0)(Y = CH2.CH(OH).n = 0) 



(n(Y = CH2.n=.0) 



[0144] Compound (IV) can be produced by reacting Compound (W) and Compound (III') wherein R^e and R" are 
optionally substituted hydrocarbon groups which fom, a part of R^ and may be those similar to R^. and when Ri6 fomis 
a homocyclic nng with R6 then it may have a substituent similar to a substituent which may be possessed by a "3- to 
8-membered homocyclfc ring" and W is a leaving group, if desired in the presence of a base 
I0145I Said -leaving group" may for example be a hydroxy, halogen atom (for example, fluorine, chlorine bromine 
T°",^^^ halogenated C,., alkylsulfonyloxy (for example, methanesulfonyloxy. ethanesulfonyloxy. trichlo- 
romethanesulfonyloxy. etc.). optionally substituted C^,^ arylsulfonyloxy and the like. An "optionally substituted C« 
IT"!°TZ T '°:^''^P'^' ^ ^6-10 arylsulfonyloxy (e.g.. phenylsulfonyloxy. naphthylsulfonyloxy. etc.) which 

fte like e'^empl'fied typically are phenylsulfonyloxy. m-nitrophenylsulfonyloxy, p-toluenesulfonyloxy and 

pel milelf C^^uld 00*'"''°""'' ^'"^ ^ *° ^ Preferably about 1 to about 2 moles 
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[0147] Said "base" may for example be an inorganic base, basic salt, aromatic amine, tertiary amine, metal hydride, 
metal amide and metal alkoxide, etc. The amount of a base employed is about 1 to about 5 moles, preferably about 1 
to about 2 moles per mole of Compound (11'). 

[01 48] This reaction Is conducted advantageously using a solvent which is inert to the reaction. While such a solvent 
is not limited particularly as long as the reaction is proceeded, it may for example be a solvent such as an alcohol, 
ether^Siydrocarbon, amide, halogenated hydrocarbon, nitrile, ketone and sulfoxide as well as a mixture thereof. 



[0149] .'The reaction time is usually about 30 minutes to about 48 hours, preferably about 1 hour to about 24 hours. 
The reaction temperature is usually about -20 to about 150 **C, preferably about 0 to about 100 ^'C. 
[0150] In addition to the reaction described above, Mitsunobu reaction (Synthesis, 1981, pi -27) can also be em- 



[0151] Said reaction allows Compound (II') and Compound (III') wherein W is OH to react with each other in the 

presenc&o^an^^Gdicarboxytete«^(e!gi^id»ethy1azodieart3©^^ 

utylphosphine, etc.). 

[0152] The amount of Compound (III') wherein W is OH is about 1 to about 5 moles, preferably about 1 to about 2 
15 moles per mole of Compound (11'). 

[0153] The amount of each of said "azodicartjoxylate" and "phosphine" employed is about 1 to about 5 moles, pref- 
erably about 1 to about 2 moles per mole of Compound (11*). 

[01 54] This reaction is conducted advantageously using a solvent which is inert to the reaction. While such a solvent 
is not limited particularly as long as the reaction is proceeded, it may for example be a solvent such as an ether, 

20 hydrocartjon, amide, halogenated hydrocartDon, nitrile. ketone and sulfoxide as well as a mixture thereof. 

[0155] The reaction time is usually about 5 minutes to about 48 hours, preferably about 1 0 minutes to about 24 hours. 

The reaction temperature is usually about -20 to about 200 "C, preferably about 0 to about 100 *»C. 

[0156] Compound (\r) is produced by subjecting Compound (IV^ to a Claisen rearrangement 

[0157] This reaction is conducted advantageously without using a solvent or with using a solvent which is inert to 

25 the reaction. While such a solvent is not limited particularly as long as the reaction is proceeded, it may for example 
be a solvent such as an alcohol, hydrocarbon, organic acid, ether, aniline (e.g., N,N-dimethylaniline, N,N-diethylanlline, 
etc.), phenol (e.g., 2,6-dimethylphenol, etc.) and halogenated hydrocariaon as well as a mixture thereof. 
[0158] This reaction may be conducted also using an acid catalyst if desired. Such an acid catalyst may be a Lewis 
acid such as aluminum chloride and boron tribromide, etc. The amount of an acid catalyst, for example, when using a 

30 Lewis acid, is about 0,1 to about 20 moles, preferably about 0.1 to about 5 moles per mole of Compound (IV). The 
reaction time Is usually about 30 minutes to about 24 hours, preferably about 1 hour to about 6 hours. The reaction 
temperature is usually about -70 to about 300 **C. preferably about 150 to about 250 •C. 

[0159] Compound (Vl') can be produced by subjecting Compound (V) to a ring closure reaction in the presence of 
a protonic acid, Lewis acid or iodine. Such a protonic acid may for example be mineral acid such as hydrochloric acid, 

35 hydrobromic acid, sulfuric acid, etc., sulfonic acid such as methanesulfonic acid, tr^ifluoromethanesulfonic acid, fluor- 
osulfonb acid. Such a Lewis acid may for example be aluminum chloride, aluminum bronnide, titanium (IV) chloride, 
tin (IV) chloride, zinc chloride, boron trichloride, boron tribromide and boron trifluoride, etc. While a protonic acid or 
Lewis acid is employed usually each alone, the both may be combined if necessary. When a protonic acid is employed, 
it is used in an amount of about 1 to about 200 moles, preferably about 1 to about 100 moles per mole of Compound 

40 (V). When a Lewis acid is employed, it is used in an amount of about 1 to about 5 moles, preferably about 1 to about 
3 moles per mole of Compound (V). When iodine is employed, it is used in an amount of about 0.05 to about 1 moles, 
preferably about 0.1 to about 0.5 moles per mole of Compound (V). 

[0160] This reaction is conducted advantageously using a solvent which is inert to the reaction. While such a solvent 
is not limited partteularty as long as the reaction is proceeded, it may for example be a solvent such as an ether, 

45 hydrocartDon, amide, halogenated hydrocart^on, nitrile. ketone and sulfoxide as well as a mixture thereof. 

[0161] The reaction temperature is usually about -20 to about 150 ^'C, preferably about 0 to about 120 "C. The 
reaction time is usually about 5 minutes to about 24 hours, preferably about 10 minutes to about 5 hours. 
[01 62] Compound (VIM*) is produced by reacting Compound (VI') with Compound (VII') wherein R^® is a hydrocarbon 
group and hal is a halogen, if desired in the presence of a base. 

50 [0163] Said "hydrocarbon group" may for example be a linear or cyclic hydrocart^on group (e.g., C^^ alkyi (for ex- 
ample, methyl, ethyl, propyl, isopropyl, butyl, isobutyl, sec-butyl, tert-butyl, pentyl, hexyl, etc.), C^^ cycloalkyi (for ex- 
ample, cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, etc.), C^,^^ aryl (for example, phenyl, 1-naphthyl, 2-naphthyl. 
biphenylyl, 2-anthryl. etc.), etc.) and the like. 

[0164] The amount of Compound (VH') is about 1 to about 5 moles, preferably about 1 to about 2 moles per mole of 
55 Compound (Vl*). . 

[0165] Said "base" may for example be an inorganic base, basic salt, aromatic amine, tertiary amine, alkaline metal 
hydride. alkyI metal, aryl metal, metal amide, metal alkoxide and the like. The amount of such a base employed is 
about 1 to about 5 moles, preferably about '1 to about 2 moles per mole of Compound (VI'). 
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{01 66] This reaction is conducted advantageously using a solvent which is inert to the reaction. While such a solvent 
« not hmited particularly as long as the reaction is proceeded, it may for example be a solvent such as an alcohol 
ether, hydrocaibon. amide, halogenated hydrocarbon, nitrile, sulfoxide, water as well as a mixture thereof 
[0167] The reaction time is usually about 30 minutes to about 48 hours, preferably about 1 hour to about 24 hours 
The reaction temperature is usually about -100 to about 200 "C. preferably about -80 to about 150 -C 
^ \ <^"^P°""'^ (V'"') ''s produced by reacting Compound (VI') with Compound (Vila') wherein is an optionally 

Y substituted hydrocaibon group. If desired in the presence of a base. H"onaiiy 
• [0169] Said -hydrocarbon group' may for example be a linear or cyclic hydrocarbon group (e.g. C,^ alkvl (for ex- 
amp e, methyl, ethyl, propyl, isopropyl. butyl, isobutyl. sec^utyl. tert-butyl. pentyl. hexyl. etc.) cyctoal^ for ex- 
ample, .cyclopropyl, cydobutyl. cyclopentyl. cyclohexyl. etc.). C^.^ aryl (for example, phenyl, 1-n^htt,yl. 2-nihthyl 
biphenylyl.2-anthryl).C7.i6aralkyl (for example, benzyl, 1-naphthylmethyl)) and the like 

[01701- A"substituent'orTsai*^0ptk»afly^bstlttrte<tt>ydrecatbDn<gF^^ . 
fluonne. chlonne. bromine, iodine, etc.) and an optionally halogenated C,^ alkyi etc " 

S C^ipo^nd^(VlT"' °' ^"^'^ ^ *° ^ Proferably'about 1 to about 1 .5 moles per mole 

[0172] Said "base- may for example be an inorganic base, basfc salt, aromatic amine, tertiary amine, metal hydride 
alkyI metal, aryl metal, metal amide, metal alkoxide and the like. The amount of such a base employed is about 1 to 
about 5 moles, preferably about 1 to about 2 moles per mole of Compound (vr). 

[0173] This reaction is conducted advantageously using a solvent whteh is inert to the reaction. Whfle such a solvent 

IS not limited particularly as long as the reacBon is proceeded, ft may for example be a solvent such as alcohol ether 

hydrocarbon, amide, halogenated hydrocarbon, nitrile. sulfoxide, water as well as mixture thereof 

[0174] The reaction time is usually about 30 minutes to about 48 hours, preferably about 1 hour to about 24 hours 

TTie reaction temperature is usually about -1 00 to about 200 "C. preferably about -80 to about 1 50 "C 

[0175] Compound (X-) wherein Z is an optionally substituted hydroxy group or halogen can be produced by reacting 

Compound (VI)andCompound(IX-)wherGinMisametal provided thatasalt is included whenMis polyvalent followed 
If necessary by an acylation or halogenation. o""wea 

r^^\ f •epresentingsaid "optionally substituted hydroxy group" may for example be hydroxy, optionally halogenated 
C,^ alkylcartjonyloxy e.g., acetyloxy, trifluoroacetyloxy. propionyloxy. etc.). optionally halogenated C, . alkybulfony- 
loxy (e.g.. methanesulfonyloxy, trifluoromethanesulfonyloxy. ethanesulfonyloxy. etc.). optionally substituted C^,„ary^- 
sulfonyloxy and t e like. An "optionally substituted Cs,o arybulfonyloxy- may for example, a C, arylsulfonjtox^^ 
iSr^ f"^ "^: naphthylsulfonyloxy. etc.) which may have 1 to 3 substituent(s) selected from a halogen^ , 
alkyl. C,.e alkoxy and nrtro. and those exemplified typicalV are phenylsulfonyloxy. p-chlorophenylsulfonyloxy m-nitro- 
phenylsulfonyloxy. p-toluenesulfonyloxy and the like. ^ 

nS andlJeTkf' ""^^ ^ magnesium halide (e.g.. magnesium bromide, magnesium chtoride. etc.). 

of cSpo^nd Ivrr' °' ^""^""'^ ^'^'^ ^ *° ^^"^ ^ P'^'^'^'y ^ ^° 1 -5 per mole 

[0179] This reaction may employ additives if desired. 

(0180] Said "additives- may for example be cerium (III) chtoride. copper (I) iodide and the like. The amount of an 
add.t«,e employed .8 usually about0.1 to aboutSmoles. preferably aboutO.lto^^ 

[0181] This reaction is conducted advantageously using a solvent whfch is inert to the reaction. While such a solvent 

hvTJ^Zn P^^'^"^ «^ « proceeded, it may for example be a solvent such as an ether and 

hydrocartjon, as well as a mixture thereof. 

S>!!f'TK^® """^ ^° """"^^ '° ^""^ ^ "o^rs. preferably about 30 minutes to about 24 

rnill, « temperature is usually about -100 to about 150°c, preferably about -80 to about 100 'C 

[0183] A resultant akxjhol form is subjetaed to an acylation if necessary 

[0184] Compound (X") wherein Z is a hydroxy group and an acylating agent are reacted if desired in the presence 

Of a base or acid. ^ 

[0185] Said "aqriating agent" may for example be a corresponding cartjoxylic acid or a reactive derivative thereof 
for example, acid hahde. acid anhydride, ester, etc.), etc. Such an acylating agent is employed in an amount of about 
1 to about 5 moles, preferably about 1 to about 2 moles per mole of Compound (X") 

Ihl!? VfuT""" advantageously without using a solvent or with using a solvent whfch is inert to 

the reaction. While such a solvent is not limited particularty. as long as the reaction is proceeded, it may for example 

,^ ^" ^'de. halogenated hydrocart>on, nitrile, ketone, sulfoxide, aromatic amine 

and water as well as a mixture thereof . 

^IfSe like"^^ ^'"P'°y«'^ " 'desired may for example be an inorganic base, basic salt, aromatic amine, tertiary amine 



<EP 1270577AIJ_> 



55 



EP 1 270 577 A1 



[0188] An acid employed If desired may for example be methanesulfonic acid, p-toluenesulfonic acid, camphorsul- 
fonic acid and the like.] 

[0189] The reaction temperature is usually about -20 to about 200 ""C, preferably about 0 to about 150 ""C. The 
reaction time is usually about 5 minutes to about 48 hours, preferably about 10 minutes to about 24 hours. 
5 [0190] A resultant alcohol form is subjected to a halogenation if necessary. 

\[019t] ^ Compound (X') wherein 2 is a hydroxy group is reacted with a halogenating agent if desired in the presence 
ofabaie. 



* [0192] Said "halogenating agent" may for example be a thionyl halide such as thionyl chloride and thionyl bromide, 
etc., a phosphoryl halide such as phosphoryl chloride and phosphoryl bromide, etc., a phosphorus halide such as 
10 phosphorus pentachloride. phosphorus trichloride, phosphoms pentabromide and phosphoms tribromide, etc., an oxa- 
lyl halide such as oxalyl chloride, etc., phosgene and the like. Such a halogenating agent is employed in an amount 
of -abotit' t* to about^30^'moles; preferabfy^about^ta^abot^' tO^fi^es^per^^i^^ 
[01 93] Said "base" may for example be a tertiary amine. 

[0194] This reaction is conducted advantageously without using a solvent or with using a solvent whrch is inert to 
15 the reaction. While such a solvent is not limited particularty as long as the reaction is proceeded, it may for exarnple 

be a solvent such as a hydrocarbon, ether, amide, halogenated hydrocarbon as well as a mixture thereof. 

[01 95] The reaction time Is usually about 1 0 minutes to about 1 2 hours, preferably about 1 0 minutes to about 5 hours. 

The reaction temperature is usually about -10 to about 200 *C, preferably about -10 to about 120 ^'C. 

[01 96] Compound (V) wherein Y is CHg or CH(OH) and n is 0 is produced by reacting Compound (VI II') with Compound 
20 {XV) in the presence of an acid or halogenating agent. 

[0197] The amount of Compound (Xl*) is about 0.5 to about 5 moles, preferably about 0.5 to about 2 moles per mole 

of Compound (Vlll*). Compound (XI*) may be employed also as a solvent, and in such a case the amount used is about 

0.5 to about 1 0 mL, preferably about 1 to about 5 mL per gram of Compound (VII T). 

[0198] Said "acid" may for example be a mineral acid such as sulfuric acid, hydrogen chloride, hydrogen bromide, 
25 hydrogen iodide and perchloric acid or a Lewis acid such as boron trifluoride diethyl ether complex, zinc chloride and 
aluminum chloride. The amount of an acid employed is about 1 to about 5 moles, preferably about 1 to about 3 moles 
per mole of Compound (VIII'). 

[0199] Said "halogenating agent" may for example be a halogen such as bromine, chlorine and iodine, an imide such 
as N-bromosuccinimide. a halogen adduct such as benzyltrimethylammonium dichloroiodate and benzyltrimethylam- 
30 monium tribromide and the like. The amount of a halogenating agent Is about 1 to about 6 moles, preferably about 1 
to about 2 moles per mole of Compound (VIH"). 

[0200] This reaction is conducted advantageously using a solvent whk:h is inert to the reaction. While such a solvent 
is not limited particularty as long as the reaction is proceeded, it may for example be a solvent such as a hydrocarbon, 
organic acid and halogenated hydrocarbon as well as a mixture thereof. 
35 [0201] The reaction time is usually about 10 minutes to about 48 hours, preferably about 15 minutes to about 24 
hours. The reaction temperature is usually about -20 to about 150 **C. preferably about 0 to about 1 00 °C. 
[0202] Compound (I*) wherein Y is CHg and n is 0 is produced also by reaching Compound (VIH') with Compound 
(Xir) in the presence of phosphoryl chloride. 

[0203] The amount of Compound (Xll*) employed is about 0,5 to about 5 moles, preferably about 0.5 to about 3 moles 

^0 per mole of Compound (VIH'), 

[0204] The amount of phosphoryl chloride employed is about 0.5 to about 5 moles, preferably about 0.5 to about 3 
moles per mole of Compound (Vlll*). Phosphoryl chloride may be employed also as a solvent, and in such a case the 
amount used is about 0.5 to about 20 mL, preferably about 1 to about 10 mL per gram of Compound (VHP). 
[0205] This reaction is conducted advantageously using a solvent which is inert to the reaction. While such a solvent 

45 is not limited particularly as long as the reaction is proceeded, it may for example be a solvent such as a hydrocarbon 
and halogenated hydrocarbon as well as a mixture thereof. 

[0206] The reaction time is usually about 10 minutes to about 48 hours, preferably about 16 minutes to about 24 
hours. The reaction temperature is usually about -20 to about 150 **C, preferably about 0 to about 100 ''C. 
[0207] Compound (I') wherein Y is CHg or CH(OH) and n is 0 is produced also from Compound (X') and Compound 
50 (XI') similariy to the production of Compound (I') from Compound (VIII') and Compound (Xl*). 
[0208] Compound (1') is produced also by a process shown in Scheme 2. 
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scheme 2 
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iaM9J Compound (XIV^. wherein hal is a halogen, is produced by reacting Compound (XIII') with a halogenating 

^°^K°' K? "halogenating agent" may for example be ahalogen such as bromine, chlorine and iodine, etc.. an imide 
such as N-bromosuccinimide. etc.. a halogen adduct such as benzyltrimethylammonium dichlorolodate and benzvltri- 
methylammonium tribromide and the like. The amount of a halogenating agent is about 1 to about 5 moles, preferably 
about 1 to about 2 moles per mole of Compound (XIII'). 

[021 1 J Thrs reaction is conducted advantageously using a solvent which is inert to the reaction. While such a solvent 
IS not limited particularly as long as the reaction is proceeded, it may for example be a solvent such as a hydrocarbon 
organic acid and halogenated hydrocarbon as well as a mixture thereof. 

[02121 -riie reaction time is usually about 10 minutes to about 48 hours, preferably about 15 minutes to about 24 
hours. The reaction temperature is usually about -20 to about 1 50 °C. preferably about 0 to about 1 00 »C 
[0213] The process from Compound (XIV) to Compound (XVII") is conducted in accordance with the process for 
producing Compound (Vl') from Compound (11") in Scheme 1 . 

[0214] Compound (XIX") is produced by reacting Compound (XVII*) with Compound (XVIin. wherein R3a is a divalent 

removing one hydrogen atom from R3 and Wa is a leaving group, in the presence of a base 
[0215] The amount of Compound (XVIII') is about 1 to about 3 moles, preferably about 1 to about 1.5 moles per mole 
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[0216] Said "leaving group" may for example be a halogen atom (for example, fluorine, chlorine, bromine, iodine, 
etc.). optionally halogenated C^.g alkylsulfonyloxy (for example, methanesulfonyloxy. ethanesulfonyloxy. trichlorometh- 
anesulfonyloxy, etc.). optionally substituted Cq.^q arylsulfonyloxy and the like. An "optionally substituted Cq^^q aryisul- 
fonyloxy" may for example, a Cg^to aiylsulfonyloxy (e.g., phenylsulfonyloxy, naphthylsulfonyloxy) which may have 1 to 
3 substituent(s) selected from a C^^e alkyi (e.g. methyl, ethyl, etc.), C^^ alkoxy (e.g., methoxy, ethoxy, etc.) and nitro, 
and those exemplified typically are phenylsulfonyloxy, m-nitrophenylsulfonyloxy. p-toluenesulfonyloxy and the like. 
(02171 Said "base" may for example be metal amide, alkyI metal, aiyl metal and the like. The amount of a base 
employed is about 1 to about 5 moles, preferably about 1 to about 2 moles per mole of Compound (XVII*). 
[021 8] This reaction may employ additives if desired. 

[0219] Said "additives" may for example be cerium (III) chloride, copper (I) iodide and the like. The amount of an 
additive employed is usually about 0.1 to about 5 moles, preferably about 0.1 to about 2 moles per mole of Compound 
fXVin)« 

[0220] This reaction is conducted advantageously using a solvent which is inert to the reaction. While such a solvent 
is not limited particulariy as long as the reaction is proceeded, it may for example be a solvent such as an ether and 
hydrocarbon, as well as a mixture thereof. 

[0221] The reaction time is usually about 10 minutes to about 48 hours, preferably about 30 minutes to about 24 
hours. The reaction temperature Is usually about -100 to about 150 *»C, preferably about -80 to about 100 •C. 
[0222] Compound (I'), wherein Y is CHg and n is 0, is produced also from Compound (XIX*) and Compound (Xr) 
similarly to the production of Compound (I*) from Compound (Vlir) and Compound (Xl'). 
[0223] Compound (1*) is produced also by a process shown in Scheme 3. 
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Scheme 3 



10 



IS 



20 



25 



30 



35 




CHO 





(Vl> 


• « 




O 










txxoo 

(R^ = NR*^R^«) 



40 




(xxviin 



(!*)(Y = CH2.n=0) 



45 



50 



55 



S t ^r'n'"''"'!!^^"'^ P''''^"^^^ '^^^^'"9 Compound (VI') and Compound (XX'). wherein Ri9 is an optionally 
substituted hydrocariaon group, in the presence of a base. 

[0225] Said -hydrocarbon group- may for example be a linear or cyclic hydrocarbon group (e.g., C, . alkvl (for ex- 
ample, methyl, ethyl, propyl, Isopropyl. butyl, isobutyl, sec-butyl, tert-butyl. pentyl. hexyl. etc.). cyctoalkyi for ex- 
^LZTT.!'^'^^^ cydopentyl, cydohexyl, etc.), C^,, aryl (for example, phenyl, l-n^hthyl. 2-naphthyl. 
biphenylyl. 2-anthryI. etc.), C^..^ aralkyi (for example, benzyl, 1-naphthylmethyl. etc.), etc.) and the like 
[0226] A -substituenr on said "optionally substituted hydrocarbon group" may for example be a halogen atom (e g 
fluonne, chlonne, bromine, Iodine, etc.) and an optionally halogenated alkyi etc 

[02271 "^^ f mount of Compound (XX') is about 1 to about 5 moles, preferabty about 1 to about 2 moles per mole of 
Compound (Vl). 

[0228] Said "base- may for example be an alkaline metal hydride, alkyl metal, aryl metal, metal amide and the like. 
The amount of such a base employed is about 1 to about 5 moles, preferably about 1 to about 2 moles per mole of 
Compound (Vl"). 

[0229] This reaction is conducted advantageously using a solvent which is inert to the reaction. While such a solvent 
|s not limited partK^ularty as long as the reaction is proceeded, it may for example be a solvent such as ether and 
hydrocarbon as well as a mixture thereof. 
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[0230] The reaction time is usually about 30 minutes to about 48 hours, preferably about 1 hour to about 24 hours. 
The reaction temperature is usually about -1 00 to about 1 50 *C, preferably about -80 to about 1 00 *C- 
[02311 Compound (XXII*) is produced by reacting Compound (VI') with Compound (XXr), wherein R^^ and hal are 
defined as descn'bed above, in the presence of zinc. 
5 [0232] The amount of each of Compound (XXI*) and zinc employed is about 1 to about 5 moles, preferably about 1 

\to about 2 moles per mole of Compound (Vl'). 
[0233] . ' This reaction is conducted advantageously using a solvent which is inert to the reaction. While such a solvent 
- is not limited particularly as long as the reaction is proceeded, it may for example be a solvent such as ether, hydro- 
carbon and nitrile as well as a mixture thereof. 
10 [0234] The reaction time is usually about 30 minutes to about 48 hours, preferably about 1 hour to about 24 hours. 
The reaction temperature is usually about 0 to about 200 ^'C, preferably about 0 to about 150 "^C. 
[0235] eompound'(XXfll?)*is^roduced^byiTediJGingGon^oond-(X^ 

[0236] A reducing agent employed in such a reduction may for example be a silane such as triethylsilane, etc., a 
metal hydride such as tributyltin hydride, aluminum hydride and diisobutylaluminum hydride, etc., a metal hydrogen 
complex such as lithium aluminum hydride and sodium borohydride, etc, a borane complex such as borane tetrahy- 
drofuran complex and borane dimethylsulflde complex, etc., an alkylborane such as. thexylborane and disiamylborane. 
etc.. diborane, metal such as zinc, aluminum, tin and iron, etc., an alkaline metal such as sodium and lithium/|lquid 
ammonia (Birch reduction) and the like. 

[0237] The amount of a reducing agent is about 1 to about 1 0 moles, preferably about 1 to about 3 moles per mole 
of Compound (XXII') when a silane. metal hydride or metal hydrogen complex is employed, about 1 to about 10 moles 
preferably about 1 to about 5 moles per mole of Compound (XXII') when a borane complex, alky! borane or diborane 
Is employed, and about 1 to about 20 equivalents, preferably about 1 to about 5 equivalents when metal or alkaline 
metal is employed. This reaction may employ a Lewis acid if desired. Said "Lewis acid" may for example be aluminum 
chloride, aluminum bromide, titanium (IV) chloride, tin (II) chloride, zinc chloride, boron trichloride, boron tribromide. 
boron trifluoride and the like. The amount of a Lewis acid employed is about 1 to about 5 moles, preferably about 1 to 
about 2 moles per mole of Compound (XXII'). 

[0238] A hydrogenation reaction may also serve for the reduction, and in such a case a catalyst such as Pd/C, 
platinum (IV) oxide. Raney nickel and Raney cobalt, etc, may be employed. The amount of a catalyst employed is 
about 5 to about 1000% by weight, preferably about 10 to about 300% by weight, based on Conpound (XXII'). 
[0239] This reaction is conducted advantageously using a solvent which is inert to the reaction. While such a solvent 
is not limited particulariy as long as the reaction is proceeded, it may for example be solvent such as alcohol, ether, 
hydrocarbon, halogenated hydrocarbon, amide and organic acid as well as a mixture thereof. 
[0240] The reaction time is usually about 1 hour to about 100 hours, preferably about 1 hour to about 50 hours, 
although it may vary depending on the type and the amount of the reducing agent employed and the activity and the 
amount of the catalyst. The reaction temperature Is usually about -20 to about 120 ^'C. preferably about 0 to about 80 
^'C. When a hydrogenation catalyst is employed, the pressure of hydrogen is usually about 1 to dbout 100 atm. 
[0241] Compound (XXIV) is produced by hydrolyzing the ester group of Compound (XXIir) using acid or base. 
[0242] The acidic hydrolysis usually employs mineral acid such as hydrochloric acid and sulfuric acid, a Lewis acid 
such as boron trichloride and boron tribromide, a combination of a Lewis acid and a thiol or suffide, an organic ackJ 
^ such as trifluoroacetic acid and p-toluenesulfonic acid, etc. 

[0243] The basic hydrolysis usuafiy employs an inorganic base, basic salt, metal alkoxide and the like. 
[0244] The amount of each of the add and base employed is about 0.6 to about 10 moles, preferably about 0.5 to 
about 5 moles per mole of Compound (XXIir). 

[0245] This reaction is conducted advantageously using a solvent which is inert to the reaction. While such a solvent 
IS not limited particulariy as long as the reaction Is proceeded. It may for example be a solvent such as an ateohol, 
hydrocartjon, organic acid, ether, amide, halogenated hydrocarbon, nitrile. ketone, sulfoxide and water as well as a 
mixture thereof. 

[0246] The reaction time is usually about 10 minutes to about 48 hours, preferably about 15 minutes to about 24 
hours. The reaction temperature is usually about -20 to about 150 °C, preferably about 0 to about 100 •C. 
[0247] Compound (XXV) is produced by subjecting Compound (XXIV) to a rearrangement directly or afterconverting 
into a reactive derivative thereof (for example, acid halide. add amide, acid anhydride, ester, etc.). 
[0248] Said "rearrangement" may for example be a Curtius rearrangement, Hofmann rearrangement, Schmidt rear- 
rangement and the like. 

[0249] A case employing diphenylphosphoiyi azide is described below. 

[0250] The amount of dipheny^Dhosphoiyl azide is about 1 to about 3 moles, preferably about 1 to about 1 5 moles 
per mole of Compound (XXIV). 

[0251] This reaction is conducted if desired in the presence of a base. 
[0252] Said "base" is preferably tertiary amine, aromatic amine and the like. 



15 



20 



25 



30 



35 



45 



50 



55 



^I>- <EP 1270577A1J_> 



60 



EP 1 270 577 A1 



'^^"^ conducted advantageously using a solvent which is inert to the reaction. While such a solvent 
IS not tonrted partculariy as long as the reaction is proceeded, it may for example be a solvent such as a hydrocarbon 
halogenated hydrocarbon and ether as wett as a mixture thereof. 

|0254] The reaction time is usually about 10 minutes to about 48 hours, preferably about 15 minutes to about 24 
hours. The reaction temperature is usually about -20 to about 200 °C, preferably about 0 to about 150 "C 
, (02S5] J Other reaction conditions are those described in JIKKENKAGAKUKOZA 20, 4th edition (Ed bv Jaoanese 
Y Association of Chemistry), pages 304, 477 to 479. ' "V^'^e 

• (0256J Compound (XXVf) is produced by subjecting Compound (XXV) to the acidic hydrolysis 

'"'^'^.''^ °'!f " ^^^^^ ^ ^ hydrochloric acid and sulfuric acid, etc., a Lewis 

ac,d such as boron tnchlondeandborontribromlde.etc..acombinafionofaLewfe add 

acid such as tnfluoroacetic acid and p-toluenesulf onic acid etc organic 

TmLis^rd's^^^^^^ 

- "^^?! "^""^""^^ advantageously using a solvent which is inert to the reaction. While such a solvent 

|s not limjted partculariy as long as the reaction is proceeded. It may for example be a solvent such as a hydrocart^on 
ether, halogenated hydrocarbon, ketone, sulfoxide and water as well as a mixture thereof 

[0260] The reaction time is usually about 10 minutes to about 48 hours, preferably about 15 minutes to about 24 
hours. The reaction temperature is usually about -20 to about 200 'C, preferabV about 0 to about 150 'C 
[0261] Compound (XXVIID is produced by reacting Compound (XXVI") and Compound (XXVII'). wherein V is an 
optionally substituted hydroxy group, halogen and the like, if desired in the presence of a base or add 
h^l .HrJ T,^T^ T''^ -optionally substituted hydroxy group" may for example be a hydroxy, optionally 
halogenated C,^ alkytearbonyloxy (e.g.. acetyloxy, trifluoroacetyloxy. proplonyloxy. etc.). optionally halogenated C, ! 
alkylsulfonyloxy e.g.. methanesulfonyloxy. trifluoromethanesulfonyloxy, ethanesulfonyloxy. etc.). optional J substitut^ 
C^io arylsu fonyloxy. or a group represented by Fomiula: Ri-COg and the like. An "optionally substituted C«.,„ arvl- 
suffonyloxy may for e>^mple. a C^,o arylsulfonyfoxy (e.g.. phenylsulfonyloxy, naphthylsulfonyloxy. etc.) whbh may 
1 «h.L fr^-" « ''^'ogen, C,.e alkyi, C,^ alkoxy and nitro. and those exemplified typfcal^ 

^ phenylsulfonyloxy p.<^ o^ m-nitrophenylsulfonyloxy, p-toluenesulfonyloxy and the like 

[0263] Compound (XXVII ) is employed in an amount of about 1 to about 5 moles, preferably about 1 to about 2 
moles per mole of Compound (XXVI'). ■ lo ciooui ^ 

[0264] This reaction is conducted advantageously without using a solvent or with using a solvent whteh is inert to 
SlTcor"; T ^"t ^ 1°^^"' '''""^'^ particularly as long as the reaction is proceeded, it may for example 
be a solvent such as ether, hydrocarbon, amide, halogenated hydrocarbon, nitrile. ketone, sulfoxide, aromatic amine 
and water as well as a mixture thereof. «»>i"ne 

and tie lite^^^ " "^^^''^ "^^ ^'^'^^ ^ ^" '""^"^ ^""'^ 

,f " ^.7' '^^^'^ ""^y ^""^"^^ methanesulfonic acid, p-toluenesulfonfc add, camphorsul- 
lonic acid and the like. 

[0267] The reaction temperature is usually about -20 to about 200 "C, preferably about 0 to about 150 -0 The 

mS" " "'"if 1^."^.^ ""'""^^ *° ^ ^ P^^'^'-^^'y 10 '"'""t^ to about 24 hours. 
Rit l .1°T""» ^ ^""'"'^ ^ '^''""9 Compound (XXV) and Compound (XXIX"), wherein and 
Rje are substrtuents fomiing a part of Ri and each is a hydrogen atom or optionally substituted hydrocarbon group, if 
desired in the presence of a base or acid. ^v>^Ju^^,u 
Said "hydrocarbon group" may for example be a linear or cyclfe hydrocarbon group (e.g., C, . alkyI (for ex- 
ample, mediyl. ethyl, propyl, isopropyl. butyl, isobutyl. sec-butyl, tert-butyl, pentyl. hexyl etcO c'j cyctoaSl o ex- 

SLZTZLI^'IT- ^ ^-y' phenyl! 1-n"ih!hy., 2lphthy.. 

fn^i^?^ 1 ^ • ^'^^P'^- "^"^y- 1 -"aphthylmethyl. etc.). etc.) and thTlike 

[0270] The substituenr on said "optionally substituted hydrocarbon group" may for example be a halogen atom (e 
g.. fluonne. chlonne, bromine, iodine, etc.) and an optionally halogenated C,^ alkyI etc » \ • 

S Compomdl^w")* °' ^'"P"""" ''^^^ ' '° 3 P'^'^"^ ' to about 2 moles per mole 

[0272] This reaction is conducted advantageously using a solvent which is Inert to the reaction. While sudi a solvent 
K not limited partfcularty as long as the reaction is proceeded, it may for example be a solvent sud, as an ether 
rno«?^ ^ ■ ^^'O9onated hydrocarbon, nitrfle and sulfoxide as wel| as a mixture thereof 
P273] The readion time is usually about 30 minutes to about 48 hours, preferably about 1 hour to about 24 hours 
The reaction temperature is usually about -20 to about 150 'C, preferably about 0 to about 100 -C 

^"1P°""^ Y and n is 0. is produced by subjeding Compound (XXVIIf) to an intramolecular 

cydization using a halogenating agent and the «ke. 

[0275] Said "halogenating agenr may for example be phosphoryl diloride, phosphorus pentadiloride. phosphoms 
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pentoxide, aluminum chloride and the like. 

[0276] The amount of said "halogenating agenr is about 1 to about 20 moles, preferably about 1 mole to about 5 
moles per mole of Compound (XXVIIP). Said "halogenating agent" may be used also as a solvent, and in such a case 
the amount used Is about 0.5 to about 20 mL, preferably about 1 to about 10 mL per gram of Compound (XXVIII'). 
[0277] This reaction is conducted advantageously using a solvent which is inert to the reaction. While such a solvent 
is noMimited particularly as long as the reaction is proceeded, it may for example be a solvent such as a hydrocarbon, 
nitrile artd halogenated hydrocarbon as well as a mixture thereof. 

[0278] The reaction temperature is usually about -20 to about 200 "C, preferably about 0 to about 150 ''C. The 
reaction time is usually about 5 minutes to about 48 hours, preferably about 10 minutes to about 24 hours. 
[0279] Compound (I') Is produced also by a process shown in Scheme 4. 
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[0280] Compound (XXX') is produced by reducing Compound (0 wherein n Is 0. 

[0281] The reducing agent employed in such a reduction may for example be a metal hydride such as tributyltin 
hydride, aluminum hydride and diisobutylaluminum hydride, etc., a metal hydrogen complex such as lithium aluminum 
hydride and sodium borohydride, etc.. a borane complex such as borane tetrahydrofuran complex and borane dimeth- 
ylsulflde complex, an alkylborane such as thexylborane and disiamylborane. etc., diborane, a metal such as zinc, 
aluminum, tin and iron, etc., an alkaline metal such as sodium and lithium/liquid ammonia (Birch reduction) and the like. 
[0282] The amount of a reducing agent Is about 1 to about 10 moles, preferably about 1 to about 3 moles per mole 
of Compound (I') when a silane, metal hydride or metal hydrogen complex is employed, about 1 to about 10 moles, 
preferably about 1 to about 5 moles per mole of Compound (I') when a borane complex, alkyi borane or diborane is 
employed, and about 1 to about 20 equivalents, preferably about 1 to about 5 equwalents when a metal or alkaline 
metal is employed. This reaction may employ a Lewis add if desired. Said "Lewis acid" may for example be aluminum 
chloride, aluminum bromide, titanium (IV) chloride, tin (II) chloride, zinc chloride, boron trichloride, boron tribromide, 
boron trifluoride and the like. The amount of a Lewis acid employed is about 1 to about 5 moles, preferably about 1 to 
about 2 moles per mole of Conipound (I'). 

[0283] A hydrogenation reaction may also serve for the reduction, and in such a case a catalyst such as Pd/C, 
platinum (IV) oxide, Raney nickel and Raney cobalt may be employed. The amount of a catalyst employed is about 5 
to about 1000% by weight, preferably about 1 0 to about 300% by weight, based on Compound (!'). 
[0284] This reaction is conducted advantageously using a solvent which is inert to the reaction. While such a solvent 
is not limited particulariy as long as the reaction is proceeded, It may for example be a solvent such as an alcohol, 
ether, hydrocarbon, amide and organic acid as well as a mixture thereof. 

[0285] The reaction time is usually about 1 hour to about 100 hours, preferably about 1 hour to about 50 hours, 
although it may vary depending on the type and the amount of the reducing agent employed and the activity and the 
amount of the catalyst. The reaction temperature is usually about -20 to about 120 ®C, preferably about 0 to about 80 
*C. When a hydrogenation catalyst is employed, the pressure of hydrogen is usually about 1 to about 100 atm. 
[0286] Compound (I*) wherein n is 1 is produced by oxidizing Compound (XXX'). 

[0287] An oxidizing agent employed in such an oxidation may for example be hydrogen peroxide, etc. The amount 
of an oxidizing agent employed is about 1 to about 20 moles, preferably about 1 to about 5 moles per mole of Compound 
(XXX'). 

[0288] In this reaction, it is preferable to use a catalyst such as sodium tungstate (VI). The amount of such a catalyst 

is about 0.05 to about 1 moles, preferably about 0.05 to about 0.5 moles per mole of Compound (XXX'). 

[0289] This reaction is conducted advantageously using a solvent whfch is inert to the reaction. While such a solvent 
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is not limited particularly as long as the reaction is proceeded, it may for example be a solvent such as an alcohol 
hydrocarbon, amide, halogenated hydrocarbon and water as well as a mixture thereof 

[0290] The reaction time is usually about 30 minutes to about 48 houfB. preferably about 1 hour to about 24 hours 
The reaction temperature is usually about -20 to about 1 50 ^C. preferably about 0 to about 1 00 »C 
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£02911 Compound (XXXH*) is produced from Compound (Xlir) and Compound (XXXI'). wherein r17 ^^d W are 
d^ed as descnbed above, similarly to the production of Compound (IV) from Compound (11') and Compound (III") 
10292] Compound (XXXIV) is produced from Compound (XXXII") and Compound (XXXIII"). wherein Ri8 and hal are 
oerined as descnbed above, similarty to the production of Compound (Vllf) from Compound (Vl") and Compound (Vll") 



ia70S77AlJ.> 



63 



EP 1 270 577 A1 



[0293] Compound (XXXIV) is also produced from Compound (XXXII') and Compound (XXXIIla'), wherein R^^ is 
defined as described above, similarly to the production of Compound (Vlll*) from Compound (VI*) and Compound (Vila'). 
[0294] Compound (XXXIV) is also produced from Compound (Xlll') and Compound (lir) similarly to the production 
of Compound (IV) from Compound (H') and Compound (111'). 
5 [0295] The process from Compound (XXXIV) to Compound (XXXVl') is conducted in accordance with the process 

\for prDducing Compound (Vl') from Compound (IV) In Scheme 1 . 
[0296] .'Compound (VP) is produced by reacting Compound (XXXVl") with a formamide In the presence of an acid 
* catalyst. 

[0297] Said "fomnamide" may for example be dimethylformamide and N-methylfomianilide, etc. The formamide is 
10 used in an amount of about 1 to about 1 0 moles, preferably about 1 to about 5 moles per mole of Compound (XXXVl'). 
[0298] Said "add catalyst" may for example be phosphoryl chloride and thionyl chloride. Such an acid catalyst is 
employed'usuallyin anamountof about4 to^abotrt'^I^TriGles^^^ 
(XXXVr). 

[0299] This reaction is conducted advantageously using a solvent which is inert to the reaction. While such a solvent 
15 Is not limited particularly as long as the reaction is proceeded, it may for example be a solvent such as an amide, ether. 
hydrocart)on, halogenated hydrocarbon and nitrile as well as a mixture thereof. 

[0300] The reaction time is usually about 10 minutes to about 48 hours, preferably about 30 minutes to about 24 
hours. The reaction temperature is usually about -20 to about 150 **C, preferably about 0 to about 100 *C, 
[0301] Compound (VP) is produced also by reacting Compound (XXXVl*) with a dichloromethylalkyl ether in the 
20 presence of an acid catalyst. 

[0302] Said "dichloromethylalkyl ether* may for example be dichloromethylmethyl ether and dichloromethylbutyl 
ether, etc. The dichloromethylalkyl ether is used in an amount of about 1 to 5 moles, preferably about 1 to 3 moles per 
mole of Compound (XXXVl'). 

[0303] Said "acid catalyst" may for example be titanium (IV) chloride, aluminum chloride or tin (IV) chloride. An acid 
25 catalyst is used in an amount of about 1 to 5 moles, preferably about 1 to 3 moles per mole of Compound (XXXVl'). 
[0304] This reaction is conducted advantageously using a solvent which is inert to the reaction. While such a solvent 
is not limited particularly as long as the reaction is proceeded, it may for example be a solvent such as an ether, 
hydrocarbon, halogenated hydrocarbon and nitrile as well as a mixture thereof. 

[0305] The reaction time is usually about 10 minutes to about 48 hours, preferably about 30 minutes to about 24 
50 hours. The reaction temperature is usually about -20 to about 100 •C, preferably about 0 to about 80 **C. 
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[0306] Compound (XXXIX') is produced by reacting Compound (XXXVIl') wherein hal is a halogen with Compound 
(XXXVlir) wherein is a divalent group formed by removing one hydrogen atom from R® and W is defined as de- 
so scribed above similarly to the production of Compound (IV) from Compound (II') and Compound (III'). 

[0307] Compound (VI') is produced by subjecting Compound (XXXIX') to a ring closure in the presence of a catalyst 
or in the presence of a radical initiator. 

[0308] In a case of a ring closure using a catalyst, said "catalyst" may for example be a palladium such as palladium 
(II) acetate and palladium (II) chloride, etc. The amount of a catalyst employed is about 0.01 to about 0.5 mole, preferably 
55 about 0.01 to about 0.2 moles per mole of Compound (XXXIX*). 

[0309] This reactton preferably employs additives. Said "additives" may for example be a quaternary ammonium salt 
such as tetrabutylammonium chloride, etc., tetramethylammonium chloride and tetraethylammonium chloride, a metal 
halide such as lithium chloride, etc., triphenylphosphine and the like. TTie anrwunt of additives employed is usually 



64 



EP 1 270 577 A1 



about 1 to about 5 moles, preferably about 1 to about 2 moles per mole of Compound (XXXIX') 
[0310] This reaction preferably employs a base if desired. Said "base" may for example be an inorganic base basic 
salt, aromatic amine, tertiaiy amine, metal alkoxide and the like. The amount of such a base emptoyed is aboljt 1 to 
about 5 moles, preferably about 1 to about 2 moles per mole of Compound (XXXIX') 

[031 1] In addition, it is preferable to add a fomiate such as sodium fomiate in this reaction. The amount of such a 
n^^l^st^rf ^ '° ^ 5 moles, preferably about 1 to about 2 moles per mole of Compound (XXXIXT 

■ (0312J This reaction is conducted advantageously using a solvent which is inert to the reaction. While such a solvent 
IS not hmited particulariy as long as the reaction is proceeded, it may for example be a solvent such as an alcohol 
ether, hydrocarbon, amide and ketone as well as a mixture thereof. 

[0313] The reaction time is usually about 10 minutes to about 48 hours. preferabV about 30 minutes to about 24 
hours. The reaction temperature is usually about 0 to about ISO "C, preferably about 0 to about 120 "C 
J&3t4J.- »n'a^ase.of a.rfngclosare'using-a'radicaJinlfiatofTsaid'^rad 

2.2'-azobis(isobutyronitrile) and the like. The amount of a radical initiator emptoyed is about 0.01 to about 1 moles' 
preferably about 0.01 to about 0.1 moles per mole of Compound (XXXIX'). 

[0315] This reaction employs a radical source and the like. Said "radical source" may for example be hypophospho- 
rous acid, tris(trimethylsilyOsilane. tributyltin hydride and the like. The amount of a radical source employedfe at»ut 1 
to about 100 moles, preferably about 1 to about 50 moles per mole of Compound (XXXIX") 
[0316] This reaction preferably emptoys a base if desired. Said "base" may for example be Inorganic base basic 
salt, aromatic amine, tertiary amine, metal alkoxide and the like. The amount of such a base empk>yed is about 1 to 
about 5 moles, preferably about 1 to about 2 moles per mole of Compound (XXXIX') 

[0317] This reaction is conducted advantageously using a solvent whfch is inert to the reaction. While such a solvent 
IS not nmrted particulariy as long as the reaction is proceeded, it may for example be a solvent such as an alcohol 
ether, hydrocarbon, amide and ketone as well as a mixture thereof. 

[0318] The reaction time is usually about 10 minutes to about 48 hours, preferably about 30 minutes to about 24 
hours. The reaction temperature is usually about 0 to about 200 -C. preferably about 0 to about ISO "C 
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[0319] Compound (XLIH is produced by reacting Compound (XL') with Compound (XLO. wherein RW and W is 
.^'Z ^ described above, similarly to the production of Compound (IV) from Compound (II') and Compound (III') 
[M20] Compound (XLIII') Is produced by subjecting Compound (XLII') to a ring closure in the presence of a base 
Said base may for example be an inorganic salt The amount of a base employed is about 1. to about 10 moles' 
preferably about 1 to about 5 moles per mole of Compound (XLII'). 

[0321] This reactwn is conducted advantageously using a solvent which is inert to the reaction. While such a solvent 
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is not limited particularly as long as the reaction is proceeded, it may for example be a solvent such as an alcohol, 
ether, hydrocart)on and water as well as a mixture thereof. 

[0322] The reaction time Is usually about 10 minutes to about 48 hours, preferably about 30 minutes to about 24 
hours. The reaction temperature is usually about 0 to about 150 °C. preferably about 0 to about 120 °C. 
[03231 Compound (XLIV) is produced by subjecting Compound (XLIII') to a decarboxylation in the presence of cop- 
per. - ^ 

[0324] - The amount of copper employed is about 0.1 to about 5 moles, preferably about 0.5 to about 3 moles per 
mole of Compound (XLIIl'). 

[0325] This reaction is conducted advantageously using a solvent which is inert to the reaction. While such a solvent 
is not limited particularty as long as the reaction is proceeded, it may for example be a solvent such as a hydrocarbon 
including tetrahydronaphthalene. etc., ether including diphenyl ether, etc., aromatic amine including quinoline, etc. and 
a tertiary amine induding W'.W-dtetf^lamliwe^ eteiias^welfr^^ 

[0326] The reaction time Is usually about 10 minutes to about 24 hours, preferably at>out 15 minutes to about 12 
hours. The reaction temperature is usually about 100 to about 300 *»C, preferably about 1 00 to about 250 *»C. 
[0327] Compound (XXXVIa') is produced by subjecting Compound (XLIV) to a hydrogenation. In this reaction, a 
hydrogenation catalyst such as Pd/C. platinum (IV) oxide. Raney nickel and Raney cobalt, etc. may be employed. The 
amount of the catalyst employed is about 5 to about 1 000% by weight, preferably about 1 0 to about 300% by weight, 
based on Compound (XLIV). 

[0328] This reaction is conducted advantageously using a solvent which is inert to the reaction. While such a solvent 
is not limited particularty as long as the reaction is proceeded, it may for example be a soh^ent such as alcohol, ether, 
hydrocarbon, amide and organic acid as well as a mixture thereof. 

[0329] The reaction time is usually about 1 hour to about 100 hours, preferably about 1 hour to about 50 hourc, 
although It may vary depending on the activity and the amount of the catalyst employed. The reaction temperature is 
usually about -20 to about 120 *>C, preferably about 0 to about 80 °C. The pressure of hydrogen is usually about 1 to 
about 1 00 atm. 

[0330] Compound (Via') is produced from Compound (XXXVIa') similarly to the production of Compound (Vl*) from 
Compound (XXXVr). 
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[0331] Compound (XLV) is produced from Compound (Vr) similarly to the production of Compound (XXX') from 
Confound (I*). 

[0332] Compound (XLVI*), wherein R^^ and hal are defined as described above, is produced by halogenating Com- 
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pound (XLV) followed by a reaction with a corresponding phosphine. 

[03331 The halogenating agent employed in such a halogenation may for example be thionyl halide such as thionyl 
chlonde and thionyl bromide, etc., a phosphoryl halide such as phosphoryl chloride and phosphoryl bromide etc a 
phosphorus halide such as phosphorus pentachloride, phosphorus trichloride, phosphorus pentabromide and phos- 
phorus tnbromide. etc.. an oxalyl halide such as oxalyl chloride, etc.. phosgene and the like. Such a halogenating agent 
iseiripipyed in an amount of about 0.1 to about 30 moles, preferably about 0.2 to about 10 moles per mole of Compound 
(XLV*).- 

[03341 This reaction is conducted if desired in the presence of a base. Said "base" is pieferably a tertiary amine and 

the like. ' 

[03351 This reaction is conducted advantageously without using a solvent or with using a solvent which is inert to 
the reaction. While such a solvent is not limited particularly as long as the reaction is proceeded it may for example 
bea'SOlven^such•a9•aM1y*ocalb©rT,et♦Ten■a11ide^'haloge^ate^ 

[03361 The reaction time is usually about 1 0 minutes to about 1 2 hours, preferably about 1 0 minutes to about 5 hours 
The reaction temperature is usually about -1 0 to about 200 "C, preferably about -1 0 to about 1 20 "C 
[03371 The phosphine employed in the subsequent reaction with the phosphine may for example be triphenylphos- 
phine. tn-otolylphosphine, tributylphosphine and the like. The phosphine is employed in an amount of about 1 to about 
3 moles, preferably about 1 to about 1 S moles per mole of Compound (XLVT). 

[0338] This reaction is conducted advantageously without using a soh/ent or with using a solvent whk^ Is Inert to 
the reaction. While such a solvent is not limited partfcularty as long as the reaction is proceeded, it may for example 
be a solvent such as an ether, hydrocarbon, halogenated hydrocarbon and nitrite as well as a mixture thereof 
[03391 The reaction temperature Is usually about -20 to about 200 °C. preferably about 0 to about 150 "C The 
reaction time is usually about 5 minutes to about 48 hours, preferably about 1 0 minutes to about 24 hours 
[03401 Compound (Vlir) is also produced from Compound (XLVI') and Compound (XLVII') similarty to the production 
of Compound (VIII') from Compound {VI') and Compound (VII'). 
(03411 Compound (VIM') is also produced by a process shown in Scheme 9. 
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[03421 TTie process from Compound (XXXV) to Compound (Vlll-). wtierein R3a and W are defined as described 
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above, is conducted in accordance with the process for producing Compound (VI') from Compound (11') in Scheme 1 . 
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[0343] Compound (V(c'), wherein hal is a halogen, is produced from Compound (VIb') similarly to the production of 

55 Compound (XIV) from Compound (VIb'). 

[0344] Compound (Villa*) is produced from Compound (VIC) and Compound (Vll'), wherein Rifi and hal are defined 
as described above, similarly to the production of Compound (VIII*) from Compound (VI') and Compound (VII'). 
[0345] Compound (Villa') is produced from Compound (Vic') and Compound (Vila'), wherein R^^ is defined as de- 
scribed above, similarly to the production of Compound (VIII') from Compound (VI') and Compound (Vila'). 

40 [0346] Compound (VIII'), wtnerein X is a sulfur atom, is produced by reacting Compound (Villa') with a disulfide 
compound (L') in the presence of a base. The amount of Compound (L*) employed is about 1 to about 30 moles, 
preferably about 1 to about 15 moles per mole of Compound (Villa'). 
[0347] Said "base" may for example be an alkyi metal, aryl metal and the like. 

[0348] The amount of a base employed is about 1 to about 1 5 moles, preferably about 1 to about 1 0 moles per mole 
of Compound (Villa'). 

[0349] This reaction employs additives if desired. 

[0350] Such "additives" may for example be N,N,N',N'-tetramethylethylenediamine and the like. The amount of ad- 
ditives is about 1 to about 15 moles, preferably about 1 to about 10 moles per mole of Compound (Villa*). 
[0351] This reaction is conducted advantageously using a solvent which is inert to the reaction. While such a solvent 
so is not limited particularty as long as the reaction is proceeded, it may for example be a solvent such as an ether and 
hydrocarbon as well as a mixture thereof. 

[0352] The reaction time is usually about 30 minutes to about 48 hours, preferably about 1 hour to about 24 hours. 
The reaction temperature is usually about -100 to about 100 •C, preferably about -80 to about 60 "C. 
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[03531 Compound (Lir) is produced by reacting Compound (Vr) and Compound {LI') if desired In the presence of a 
base. 

[0354] The amount of Compound (LI') employed Is about 1 to about 5 moles, preferably about 1 to about 2 moles 
per mole of Compound (Vl"). Compound (ir) may be also employed as asolvent, and In such a case the amount used 
is about 0.5 to about 20 mL, preferably about 1 to about 1 0 mL per gram of Compound (Vr). 
[0355J Said "base" may for example be an inorganic base, basic salt, aromatic amine, primary amine (n-butylamine 
etc.). tertiary amine, metal hydride, metal amide and metal alkoxide, etc. The amount of a base employed is about 0.1 
to about 1 0 moles, preferably about 0.5 to about 5 moles per mole of Compound (VP). 

[0356] This reaction is conducted advantageously using a solvent which is inert to the reaction. While such a solvent 
is not limited particularly as long as the reaction is proceeded, it may for example be a solvent such as an alcohol, 
ether, hydrocarbon, amide, halogenated hydrocarbon and water as well as a mixture thereof. 
[0357] The reaction time is usually about 30 minutes to about 12 hours, preferably about 1 hour to about 6 hours. 
The reaction temperature is usually about -20 to about 200 *'C, preferably about 0 to about 150 ^'C. 
[0358] Compound (XXVIa') is produced by reducing Compound (Lll'). The reducing agent employed in such a re- 
duction may for example be metal hydride such as aluminum hydride and diisobutylaluminum hydride, etc., metal 
hydrogen complex such as lithium aluminum hydride and sodium borohydride. etc., a metal such as zinc, alurriinum. 
tin and iron. etc. The amount of the reducing agent employed is about 1 to about 1 0 moles, preferably aboiit 1 to about 
5 moles per mole of Compound (Lll') when a metal hydride or metal hydrogen complex is employed, while it was about 
1 to about20equivalents,preferablyabout1 to aboutSequivalentswhenametal is employed. In this reaction, a Lewis 
acid may be employed if desired. Said "Lewis acid" may for example be aluminum chloride, aluminum bromide.'titanium 
(IV) chlonde, tin (11) chloride, zinc chloride, boron trichloride, boron tribromide, boron trifluoride and the like. The amount 
of a Lewis acid employed is about 1 to about 1 0 moles, preferably about 1 to about 5 moles per mole of Compound (Lll')- 
[0359] A hydrogenation reaction may also serve for the reduction, and In such a case the catalyst such as Pd/C, 
platinum (IV) oxide, Raney nickel and Raney cobalt, etc. may be employed. The amount of the catalyst employed is 
about 5 to about 1000% by weight, preferably about 10 to about 300% by weight, based on Compound (LIP). In such 
a case, various hydrogen sources may be employed instead of gaseous hydrogen. Said "hydrogen source" may for 
example be fomriic acid, ammonium fomiate. triethylammonium fomnate. sodium phosphinate. hydrazine and the like. 
The amount of such a hydrogen source is about 1 to about 10 moles, preferably about 1 to about 5 moles, per mole 
of Compound (Lll"). 

[0360] This reaction Is conducted advantageously using a solvent which is inert to the reaction. While such a solvent 
IS not limited particularty as long as the reaction is proceeded, It may for example be a solvent such as an alcohol, 
ether, hydrocartDon, amide and organic acid as well as a mixture thereof. 

[0361] The reaction time is usually about 1 hour to about 100 hours, preferably about 1 hour to about 50 hours, 
although it may var/ depending on the type and the amount of the reducing agent employed and the activity and the 
amount of the catalyst. The reaction temperature is usually about -20 to about 120 X, preferably about 0 to about 80 
«C. When a hydrogenation catalyst Is employed, the pressure of hydrogen is usually about 1 to about 100 atm. 
[0362] Compound (la), wherein Ring C" may have a substituent other than , R2 and R3 is produced by a process 
shown In Scheme 12. 
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Scheme 12 
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[0363] Compound (LIV) is produced from Compound (Llll) and Compound (Vll'), wherein Ris and hal are defined 
as described above, similarly to the production of Compound (Vll!') from Compound (Vl') and Compound (Vll'). 
10364] Compound (LIV) is also produced from Compound (Llll) and Compound (Vila'), wherein Ri9 is defined as 
descnbed above, similarly to the production of Compound(VIir) from Compound (VI*) and Compound (Vila*). 
[0365] Compound (LV), wherein Z is defined as described above, is produced from Compound (Llll) and Compound 
(IX*), wherein M is defined as described above, similarly to the production of CompoundlX*) from Compound (VI') and 
Compound (IX'). 

[0366] Compound (la) is produced from Compound (LIV) and Compound (Xl') similarly to the production of Com- 
pound (!•) from Compound (VIll') and Compound (Xl*). 

[0367] Compound (la) is also produced from Compound (LIV) and Compound (Xir) similarly to the production of 
Compound (I') from Compound (VIII') and Compound (Xir). 

[0368] Compound (la) is also produced from Compound (LV) and Compound (Xl') simllarty to the production of Com- 
pound (r) from Compound (X') and Compound (Xr). 

[0369] Compound (la'), wherein Ring C is defined as described above, is also produced by the process shown In 
Scheme 13. ^ r 
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Scheme 13 
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10370] Compound (LVll) is producedfrom Compound (LVI). wherein hal isa halogen, and Compound (XVIII'l wherein 
and Wa are defined as described above, similarly to the production of Compound (XI)C) from Compound (XVID 
. and Compound (XVIII'). > ' 

[0371] Compound (la) is also produced from Compound (LVll) and Compound (XV) similarly to the production of 
Compound (r) from Compound (XIX^ and Compound (Xl'). 

10372] Compound (la), wherein Ring CT is defined as described above, is also produced by a process shown In 
Scheme 14. 
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Scheme 14 



50 






NCO 



(LIX) 



pcxix-) 



R'-CO-V 
(XXVH-) 




(LXI) 




10373] Compound (LIX). wherein Y is a methylene group which may have 1 or 2 substituent(s) is produced from 
Compound (LVIII) similarly to the producUon of Compound (XX\0 from Compound (XXI\0. 

grou? "substituenr on said -Vnethylene group which may have substituent(s)" may for example be a C,^ alkyi 
^ cSiun?('>Sv)"*^ produced from Compound (LIX) similarly to the production of Compound (XXVI') from 

(0376] Compound (LXI) is produced from Compound (LX) and Compound (XXVII'). wherein V is defined as descnUed 
above, similaily to the production of Compound (XXVill') from Compound (XXVr) and Compound (XXVII'). 
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[0377] Ck)mpound (LXI) is also produced from Compound (LIX) and Compound (XXIX'), wherein R^d and R^® are 
defined as described above, similarly to the production of Compound (XXVIir) from Compound (XXV) and Compound 
(XXIX'). 

[0378] Compound (Ic) wherein Ring C^ may have a substituent in the position except for a nitrogen atom is produced 
also by a process shown in Scheme 15. 

Scheme 15 




m (LXIO (Ic) 



[0379] Compound (LXil) is produced from Compound (lb), wherein Ring C^ is defined as described above, similarly 
to the production of Compound (XXX') from Compound (I'). 

[0380] Compound (Ic) is produced from Compound (LXII) similarly to the production of Compound (!') from Compound 
(XXX ). 

[0381] Compound (la) is also produced from Compound (LXI) similarly to the production of Compound (V) from Com- 
pound (XXVIII'). 
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Scheme 16 
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if(Svo?ndlvrr* °' ^"^""^ ^'^'"'^ ^ '° ^ P'^'^^^'y 1 ^° «bout 2 moles per mole 

sabout 1 to about 20 moles, preferably about 1 to about 10 moles per mole of Compound (Vr) 

^ . f^- °' '"^ ^""^ ^ ^°"« 5 moles, preferably about 1 to about 2 

moles per mole of Compound (VC). 

[eSn w?. advantageously without using a solvent or using a solvent which is inert to the 

reaction. While such a solvent is not limited particulady as long as the reaction is proceeded, it may for example be a 
solvent such a hydrocarbon and halogenated hydrocarbon as well as a mixture thereof 

10387] The reaction time is usually about 1 0 minutes to about 12 hours, preferably about 1 5 minutes to about 6 hours 
The reaction temperature is usually about -20 to about 150 "C. preferably about 0 to about 120 'C 
i n K ^"^^''^ *^ produced by reacting Compound (LXIV) and Compound (LXV), wherein Ri9 is defined 

as descnbed above, in the presence of a base. 

[03891 The a;noum of Compound (LXV) is about 1 to about 10 moles, preferably about 1 to about 5 moles per mole 
i Compound (LXV) may be employed also as a solvent, and in such a case the amount used is 
about 0.5 to about SO mL, preferably about 1 to about 20 mL per gram of Compound (U<IV) 
[0390] Said "base- may for example be an inorganic base, basic salt, aromatic amine, tertiary amine and the like 
T7.e amount of such a base employed Is about 0.01 to about 1 mote, preferably about 0.01 toaboutO.1 moles per mole 
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of Compound (LXIV). 

[0391] This reaction is conducted advantageously without using a solvent or with using a solvent which is Inert to 
the reaction. While such a solvent is not limited particularly as long as the reaction is proceeded, it may for example 
be a solvent such as an alcohol, ether, hydrocarbon, amide, halogenated hydrocarbon, nitrile, ketone and sulfoxide as 
5 well as a mixture thereof. 

\[039r^ ^ The reaction time is usually about 1 0 minutes to about 12 hours, preferably about 1 5 minutes to about 6 hours. 
The reaction temperature is usually about -20 to about 150 'C, preferably about 0 to about 100 **C. 



* [0393] Compound (XXVIIIa'), wherein R^a is an optionally substituted hydrocarbon group or acyl group and may be 
same to those represented by R2, is produced by reducing Compound (LXVI'), 
10 [0394] A reducing agent employed in such a reduction may for example be a metal hydride such as aluminum hydride 
and diisobutylaluminum hydride, etc., a metal hydrogen complex such as lithium aluminum hydride and sodium boro- 
hydrideYetG.''f »rT»etafsaGtr€«p^^ 

to about 1 0 moles, preferably about 1 to about 5 moles per mole of Compound (LXVr) when a metal hydride or metal 
hydrogen complex is employed, while it was about 1 to about 20 equivalents, preferably about 1 to about 5 equivalents 
IS when a metal Is employed. In this reaction, a Lewis acid may be employed if desired. Said "Lewis acid" may for example 
be aluminum chloride, aluminum bromide, titanium (IV) chloride, tin (II) chloride, zinc chloride, boron trichloride, boron 
tribromlde, boron trifluoride and the like. The amount of a Lewis acid employed Is about 1 to about 1 0 moles, preferably 
about 1 to about 5 moles per mole of Compound (LXVr). 

[0395] A hydrogenation reaction may also serve for the reduction, and in such a case a catalyst such as Pd/C, 
20 platinum (IV) oxide, Raney nickel and Raney cobalt may be employed. The amount of a catalyst employed is about 5 
to about 1 000% by weight, preferably about 10 to about 300% by weight, based on Compound (LXVI*). In such a case, 
various hydrogen sources may be employed instead of gaseous hydrogen. Said "hydrogen source" may for example 
be fomriic acid, ammonium fonnate, triethylammonium formate, sodium phosphinate, hydrazine and the like. The 
amount of such a hydrogen source is about 1 to about 10 moles, preferably about 1 to about 5 moles, per mole of 
25 Compound (LXVr). 

[0396] This reaction is conducted advantageously using a solvent which is inert to the reaction. While such a solvent 
is not limited partk^ulariy as long as the reaction is proceeded, it may for example be solvent such as alcohol, ether, 
hydrocarbon, amkje and organk: add as well as a mixture thereof. 

[0397] The reaction time is usually about 1 hour to about 100 hours, preferably about 1 hour to about 50 hours. 
30 although it may vary depending on the type and the amount of the reducing agent emptoyed and the activity and the 
amount of the catalyst The reaction temperature is usually about -20 to about 1 20 ^'C. preferably about 0 to about 80 
''C. When a hydrogenation catalyst is employed, the pressure of hydrogen is usually about 1 to about 100 atm. 
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Scheme 17 




POCVIIIal fl*)(n = 0) 



so 

[0398] Compound (LXVII!') is produced by reacting Compound (Vl') and Compound (LXVIf) In the presence of a 
base followed by a reaction with alcohol. 

[0399] The amount of Compound (LXVIP) employed is about 1 to about 5 moles, preferably about 1 to about 2 moles 
per mole of Compound (VI'), 

55 [0400J Said "base" may for example be an inorganic base, basic salt, aromatic amine, tertiary amine, metal hydride, 
metal amide and metal alkoxide. etc. The amount of a base employed is about 1 to about 5 moles, preferably about 1 
to about 3 moles per mole of Compound (VI'). 

[0401] This reaction is conducted advantageously using a solvent which is inert to the reaction. While such a solvent 
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is not limited particularly as long as the reaction is proceeded, it may for example be a solvent such as ether, hydro- 
carton, amide, halogenated hydrocart)on, nitrile and sulfoxide as well as a mixture thereof. 

[0402] The reaction time is usually about 1 0 minutes to about 6 hours, preferably about 1 5 minutes to about 3 hours. 
The reaction temperature is usually about -100 to about 50 **C, preferably about -80 to about 50 **C. 
[0403] The amount of an alcohol employed subsequently is about 1 to about 30 mL, preferably about 2 to about 20 
mL per gram of Compound (Vl*). 

[0404] . ' The reaction time Is usually about 1 0 minutes to about 12 hours, preferably about 1 5 minutes to about 6 hours. 
The reaction temperature is usually about -100 to about 150 **C, preferably about -80 to about 100 ^'C. 
[0405] Compound (LXIX), wherein r is a methylene group having 1 or 2 substituent(s) is produced by alkylating 
Compound (UCVIII') in the presence of a base. 

[0406] The "substituenr on said "methylene group which has substituents" may for example be a C^^ alkyi group, etc. 
[040^ Said^°base5 may^f op exanfiplebe aTv4nopganiG?base^* bas^G^saft? aron?atic'.ami«e*«tefljary'anrnne/nietahhyd^^ 
metal amide and metal alkoxide. etc. The amount of a base employed is about 1 to about 5 moles, preferably about 1 
to about 3 moles per mole of Compound (LXVII'). 

[0408] An alkylating agent may for example be a hydrocarbon having a leaving group. 

[0409] Said "leaving group" may for example be a halogen atom (for example, fluorine, chlorine, bromine, iodine, 
etc.), optionally halogenated C^.g alkylsulfonyloxy (for example, methanesulfonyloxy, ethanesulfonyloxy, trichlorometh- 
anesulfonyloxy. etc.). optionally substituted C^^q arylsulfonyloxy and the like. An "optionally substituted Cq^^q arylsul- 
fonyloxy* may for example, a Cg^io arylsulfonyloxy (e.g., phenylsulfonyloxy, naphthylsulfonyloxy, etc.) which may have 
1 to 3 substituent(s) selected from a C^^ alkyl (e.g. methyl, ethyl, etc.), C^^ alkoxy (e.g., methoxy, ethoxy, etc.) and 
nitro, and those exemplified typically are phenylsulfonyloxy, m-nitrophenylsulfonyloxy, p-toiuenesulfonyloxy and the 
like. 

[0410] Said "hydrocarbon" may for example be a C^^ alkyl group, etc. 

[0411] The amount of an alkylating agent employed in this reaction is about 1 to about 10 moles, preferably about 
1 to about 3 moles per mole of Compound (LXVllT). 

[0412] This reaction is conducted advantageously using a solvent which is inert to the reaction. While such a solvent 

is not limited particularly as long as the reaction is proceeded, it may for example be a solvent such as alcohol, ether, 

hydrocarbon, amide, halogenated hydrocarbon, nitrile, sulfoxide and water as well as a mixture thereof. 

[0413] The reaction time is usually about 30 minutes to about 12 hours, preferably about 1 hour to about 6 hours. 

The reaction temperature is usually about -50 to about 150 'C, preferably about -20 to about ICQ ^'C. 

[0414] Compound (XXVIb'). wherein Y is a methylene which may have 1 or 2 substituent(s), is produced by hydro- 

lyzing the nitrile of Compound (LXIX*) to form an acid amide followed by a reduction. 

[0415] The "substituenr on said "methylene group which may have substituents" may for example be a C^^ alkyl 
group. 

[0416] Said "hydrolyzing" reaction is conducted using a base in the presence of hydrogen peroxide. The amount of 
hydrogen peroxide employed is about 1 to about 5 mole, preferably about 1 to about 3 moles per mole of Compound 
(LXIX'). 

[0417] Said "base" may for example be an inorganic base, basic salt and the like. The amount of the base employed 

is about 1 to about 5 moles, preferably about 1 to about 3 moles per mole of Compound (LXIX*). 

[0418] This reaction is conducted advantageously using a solvent which is inert to the reaction. While such a solvent 

is not limited particulariy as long as the reaction is proceeded, it may for example be a solvent such as alcohol, ether, 

hydrocart^on, amide, halogenated hydrocaribon, sulfoxide and water as well as a mixture thereof. 

[0419] The reaction time is usually about 30 minutes to about 36 hours, preferably about 1 hour to about 24 hours. 

The reaction temperature is usually about -20 to about 1 00 *C. preferably about 0 to about 80 •'C. 

[0420] Other hydrolysis reaction conditions are those described In JIKKENKAGAKUKOZA 22, 4th edition (Ed. by 

Japanese Association of Chemistry), pages 151 to 153. 

[0421] A reducing agent employed in a subsequent reduction may for example be metal hydride such as aluminum 
hydride and diisobutylaluminum hydride, etc., a metal hydrogen complex such as lithium aluminum hydride and sodium 
borohydride, etc., a metal such as zinc, aluminum, tin and iron, etc. The amount of a reducing agent employed is about 
1 to about 1 0 moles, preferably about 1 to about 5 moles per mole of Compound (LXIX') when a metal hydride or metal 
hydrogen complex is employed, while it was about 1 to about 20 equivalents, preferably about 1 to Eibout 5 equivalents 
when a metal is employed! In this reaction, a Lewis acid may be employed if desired. Said "Lewis acid" may for example 
be aluminum chloride, aluminum bromide, titanium (IV) chloride, tin (II) chloride, zinc chloride, boron trichloride, t>oron 
tribroriiide, boron trifluoride and the like. The amount of a Lewis acid employed is about 1 to about 1 0 moles, preferably 
about 1 to about 5 moles per mole of Compound (U(IX'). 

[0422] This reaction is conducted advantageously using a solvent whk:h is inert to the reaction. While such a solvent 
is not limited pariiculariy as long as the reaction is proceeded, it may for example be a solvent such as an alcohol, 
ether, hydrocarbon, amide and organic acid as well as a mixture thereof. 



1970S77A1 I > 



76 



EP 1 270 577 A1 



10 



15 



20 



25 



[0423] The reaction time is usually about 1 hour to about 100 hours, preferably about 1 hour to about 50 hours 
although It may vaiy depending on the type and the amount of the reducing agent employed. The reaction temperature 
IS usually about -20 to about 120 "C, preferably about 0 to about 80 'C. 
[0424] Compound (XXVIb") is produced also by reducing Compound (LXIX") directly 
' ^|;t'^''"<='"9 ^9^"' employed in such a reduction may for example be a metal hydride such as aluminum 

\ hydnde and diisobutylaluminum hydride, etc.. a metal hydrogen complex such as lithium aluminum hydride and sodium 
V. borohydnde. a metal such as zinc, aluminum, tin and iron. TTie amount of a reducing agent employed is about 1 to 
about 10 moles, preferably about 1 to about 5 moles per mole of Compound (LXIX') when a metal hydride or metal 
hydrogen complex is employed, while it was about 1 to about 20 equivalents, preferably about 1 to about 5 equivalents 
when a metal is employed. In this reaction, a Lewis acid may be employed if desired. Said "Lewis acid" may for example 
be aluminum chloride, aluminum bromide, titanium (IV) chloride, tin (II) chloride, zinc chloride, boron trichloride boron 
WbronfMde»boron«fhioride»and'thfflilce-Th6=amom*«fakewi&^^ taabouttd^flwleff-prefefablv.. 
about 1 to about 5 moles per mole of Compound (LXIX'). 

[0426] A hydrogenation reaction may also serve for the reduction, and in such a case a catalyst such as Pd/C 
platinum (IV) oxide, Raney nickel and Raney cobalt, etc. may be employed. The amount of a catalyst employed i^ 
about 5 to about 1000% by weight, preferably about 10 to about 300% by weight, based on Compound (LXIX') This 
reactton may employ an amine such as ammonia, etc. if desired. The amount of the amine employed is about 1 to 
about 50 moles, preferably about 1 to about 20 moles per mole of Compound (LXIX^. It is also possible that various 
hydrogen sources may be employed instead of gaseous hydrogen. Said "hydrogen source" may for example be fomiic 
actd ammonium fonmate. triethylammonium formate, sodium phosphinate, hydrazine and the like. The amount of such 
^^^^■H^"^ ^ '° 10 moles, preferably about 1 to about 5 moles, per mole of Compound (LXIX") 

[0427] This reaction is conducted advantageously using a solvent whteh is inert to the reaction. While such a solvent 
IS not limited particulariy as long as the reaction is proceeded, it may for example be a solvent such as an alcohol 
ether, hydrocarbon, amide and organic ackJ as well as a mixture thereof. 

[0428] The reaction time is usually about 1 hour to about 100 hours, preferably about 1 hour to about 50 houre 
although rt may vary depending on the type and the amount of the reducing agent emptoyed and the activity and the 
amount of the catalyst. The reaction temperature is usually about -20 to about 1 20 'C. preferably about 0 to about 80 
C. When a hydrogenation catalyst is employed, the pressure of hydrogen is usually about 1 to about 100 atm 

- S) f^rc^poSSj).'™'"^ '"^'"'^ ^'""^'^ *^ ^-^-"^ 

S1??l "'"''"''^'^ Compound (XXVIb') and Compound (XXVII') similarty to theproduotion 

of Compound (XXVIII') from Compound (XXVI') and Compound (XXVIi-) 

S (XXVIII')°""'' ^'^ ""^""^ Compound (XXVIIIa") similarty to the production of Compound (0 from Com- 

[0432] In. each of the reactions described above, a starting compound having an amino, cart)oxy or hydroxy as its 
substituent may be present as a compound in which a protective group employed ordinarily in a peptide chemistry has 
been introduced into such a substituent. and an intended compound can be obtained by deprotection if necessary after 

tne reaction. . ' 

[0433] A protective group for an amino may forexample be a formyl or each optionally substituted . alkyl-cartjonyl 
(for example, acetyl, propionyl. etc.). benzoyl, C,^ alkoxy-cartjonyl (for example, methoxycartjonyl, ethoxycarbonyl 
ete.). phenyloxycarbonyl. C^.^o aralkyloxy-cartjonyl (for example. benzyloxycart>onyl, etc.), trityl, phthaloyi and the like' 
Its substituent may for example be a halogen atom (for example, fluorine, chlorine, bromine, iodine, etc.). C,^ alkyl- 
Mrtjonyl (for example, acetyl, propionyl. valeiyl. etc.). nitro and the like, and the number of the substituents rnay be 1 

[0434] A protective group for a carboxy may for example be each optionally substituted C, . alkyI (for example 
methyl, ethyl, propyl, isopropyl, butyl, tert-bulyl. etc.), phenyl, trityl. silyl and the like. Its substituent may for example 
be a halogen atorii (for example, fluorine, chtorine. bromine, iodine, etc.), formyl, C,^ alkyl-caibonyl (for example, 
acetyl, propionyl, butylcartjonyl. etc.), nitro. C,^ alkyI (for exaniple. methyl, ethyl, tert-butyl. etc.) and C. aryl (for 
example, phenyl, naphthyl, etc.). and the number of the substituents may be 1 to 3. 

[0435] A protertive group for a hydroxy may tor example be a formyl or each optionally substituted C, » alkyI (for 
I*"^'"^' '^^P^^'Py'- b"«yl. tert-butyl. etc.), phenyl. C7.,, aralkyi (for example, benzyl, etc.). 0,^ 

alkyl^onyl (for example, acetyl, propionyl. etc.), phenyloxycarijonyl. C7.,, aralkyloxynjartwnyl (forexample. ben- 
zyloxycartjonyl, etc.), tetrahydropyranyl, tetrahydrofuranyl. silyl and the like. Its substituent may forexample be a hal- 
ogen atom (for example, fluorine, chlorine, bromine, iodine, etc.), C,^ alkyI (for example, methyl, ethyl, tert-butyl etc ) 
,K " Ty ^ ««ampte, benzyl, etc.), C6.10 aryl (forexample, phenyl, naphthyl, etc.). nitro, etc., and the number of 
the substituents may be 1 to 3. 

^^*^L '^^P"*'^""" be a method known perse such as a treatment with an acW, base UV hydrazine 

pnenylhydrazine. sodium N-methyWithiocaAamate. tetrabutylammonium fluoride. Palladium (II) acetate ^d the like] 
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as welt as a reduction. 

[0437] In any case, a deprotection. acylation, alkylatlon. hydrogenation, oxidation, reduction, carbon chain elongation 
and substituent exchange reaction are further employed if necessary alone or in combination with each other to syn- 
thesize Compound (A), (1). (I'), (A-1), (1-1) or These reactions may employ the methods described for example 
5 in SIN JIKKENKAGAKUKOZA. Vols,1 4 and 1 5. 1 977 (MARUZEN) and the like. 

\[043a] ^ When an objective product is obtained in a free form by a reaction described above, then it may be converted 
in accopdance with an ordinary method into a salt, and when it is obtained as a salt then it may be converted in ac- 
• cordance with an ordinary method into a free fonm or another salt. Compound (A), (I), (P), (A-1), (1-1) or (r-1) thus 
obtained can be isolated and purified from a reaction solution by a known method such as a partition, concentration, 
10 solvent extraction, fraction distillation, crystallization, recfystallization, chromatography and the like. 

[0439] When Compound (A), (I), (r). (A-1), (1-1 ) or (I'-l ) is present as a configuration isomer, diastereomer. conformer 
afidthe4ikerthen>itcan^befso*ated#-desired%y'^ 

pound (A), (I), (!'). (A-1 ), (1-1 ) or (I'-l ) is present as a racemate. it can be resolved into S form and R form by an ordinary 
optical resolution method. 

IS [0440] When Compound (A), (I). (I'). (A-1 ), (1-1) or (M) has Its stereoisomers, then individual Isomers or a mixture 
thereof may also encompassed in the invention. 

[0441] Compound (A), (I), (V), (A-1), (1-1) or (I*-1) may be a hydrate or anhydrous substance. 

[0442] Compound (A). (I), (r). (A-1 ). (1-1 ) or (I'-l ) may be labeled with an Isotope (for example, ^H, ^S) and the 

like. 

20 [0443] A compound represented by Formula: 




(wherein each of R2a and R^a is an optionally substituted aliphatic hydrocarbon group or acyl group, 

R"*^ is a hydrogen atom, optionally substituted hydrocarbon group, acyl group or optionally substituted hydroxy 
group, 

R^ Is an optionally substituted hydrocarbon group, acyl group, optionally substituted heterocyclic group or hal- 
ogen atom, 

Each of R6a, R7a R8a and R^^ is a hydrogen atom or optionally substituted hydrocarbon group, 

X^is a bond, oxygen atom, optionally oxidized sulfur atom or optionally substituted nitrogen atom), or by Formula: 




(wherein each of R2a and is an optionally substituted aliphatic hydrocarbon group or acyl group, 

is a hydrogen atom, optionally substituted hydrocarbon group, acyl group or optionally substituted hydroxy 

group, 

R5a is an optionally substituted hydrocarbon group, acyl group, optionally substituted heterocyclic group or hal- 
ogen atom, 
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Each of Rto. R7a R8a and R9a is a hydrogen atom or optionally substituted hydrocarbon group 
X« IS a bond, oxygen atom. optlonalV oxidized sulfur atom or optlonafly substituted nitrogen atom 
Z IS an optionally substituted hydroxy group or halogen atom, or a salt thereof, is a novel compound 

An "aliphatic hydrocarbon group" of an "optionally substituted aliphatic hydrocarbon group" represented by 
,r T ^T" ^ ""^^ hydrocarbon or alicydic hydrocarbon group such as an alky! group, alkenyl 
group. |lkynyl group, cycloalkyi group and the like, with a linear (straight or branched) or alicydic hydriarbon group 
having ! to 1 6 carbon atoms being preferred. Specifically, those listed below are employed. 

(1) Linear hydrocaibon groups: 



■alkyl gr°"Ps fr;referably, a lower alkyi group (for example, a C,^ alkyi group such as methyl, ethyl, propyl. 
lSopropyf. b«ty^^lsobHtyt;see-butyH tef^bB^pen^rhexy^a^d* / r f / . 

(2) Alicydk: hydrocarbon groups: 

cycloalkyi groups (preferably, a lower cycloalkyi group (for example, a C^^ cydoalkyi group such as cydopro- 
m cyclobutyl. cydopentyl. cydohexyl and the (ike) and this lower cydoalkyi group may be fused with benzene 

and asubstituent on such a "aliphatic hydrocarbon group" may for example be a group selected from the group 
(hereinafter referred to as Substituent Group B) consisting of (1) a halogen atom. (2) a C, , alkylen«Jioxv 
group. (3) a nitro group. (4) an optionally halogenated C,^ alkyl group. (5) a cycloalkyi group, (6) a C« ,1 
aryl group. (7) an optionally halogenated C,^ alkoxy group, (8) an optionally halogenated C, . alkylthio grou^ 
(9) a hydroxy group, (10) an amino group, (11) a mono-C,^ alkylamino group. (12) a mono\.. arylamino 
group. (13) a di-C,^ alkylamino group, (1 4) a di^^g.,^ aiylamino group, (1 5) an acyl group selected f rom formyl 
carboxy, carbamoyl. C,^ alkyl-carbonyl, cycloalkyl^rbonyl, C,^ alkoxy^rbonyl. Cg.,. aryl-carbonyl' 
C7.16 aralkyl-carbonyl, Cg.^ aryloxyorbonyl. 0,.,^ aralkyloxy-carbonyl. (5- or 6-membered heteiocyde hav- 
ing, m addition to carbon atoms. 1 to 3 heteroatom(s) selected from nitrogen, sulfur and oxygen atoms)-car- 
bonyl. mono-C,^ alkyl-caibamoyl. di-C,^ alkyl-carbamoyl. Ce.^ aryl-carbamoyl. (5- ore-membered hetero- 
cycle having, in addition to carbon atoms. 1 to 3 heteroatom(s) selected from nitrogen, sulfur and oxygen 
atoms)-carbamoyl. C,^ alkyl-thiocaibonyl. C3.6 cydoalkyl-thiocarbonyl. C,^ alkoxy-thiocarbonyl C« ,^aryl- 
thiocarbonyl^ C^.^e aralkyl-thiocarbonyl. C^.^ aryloxy-thiocarbonyl. C,.,^ aralkyloxy-thiocarbonyt (5- or 
6-membered heterocycle having, in addition to carbon atoms, 1 to 3 heteroatom(s) selected from nitrogen 
sulfur and oxygen atoms)-thiocarbonyl, thtocarbamoyl. mono-C,^ alkyl-thiocarbamoyl. di-C, . alkyl-thiocar- 
bamoyl. 06.^ aryl-thwcaibamoyl. (5- or 6-membered heterocyde having, in addition to carbon atoms 1 to 3 
heteroatom s) selected from nitrogen, sulfur and oxygen atoms)-thiocarbamoyl, mono-C. - alkylsulf'amoyi 
di^,^ alkylsulfamoyi, C^,^ arylsulfamoyi, 0,.^ alkylsulfonyl, Cg.^ arylsulfonyl, C,^ alk^lsulfinyl. C. aiyl- 
suffinyl, sulfino. sulfo. C,^ alkoxysulfinyl, Ce.^ aryloxysulfinyl, C,^ alkoxysulfonyl and 0^.,, aryloxytut^onyl 
(16) an aqriamino group selected from formylamino, C,^ alkyKatboxamldo, C6.,4 aiyl-caiboxamido, 
alkoxy^iboxamido.C,^alkylsulfonylaminoandC6.,4arylsulfonylamino.(17)anacyloxygroupsel^^^^ 
-C^e alkyl-carbonyloxy, C^,^ aryl-carbonyloxy. C,^ alkoxy-carbonyloxy. mono-C,^ alkyKaibamoyloxy, 
di-c^^ alkyH:arbamoyloxy, C6.,4 aiyl-carbamoyloxy and nicotinoyloxy. (1 8) a 4- to 14-membered heterocyclic 
group having, in addition to carbon atoms. 1 to 3 heteroatom(s) selected from nitrogen, sulfur and oxygen 
atoms. (19) a phosphono group, (20) a Cg.^ aiyloxy group. (21) a dl-C,^ alkoxy-phosphoryl group (22) a 
Ce-u arylthio group, (23) a hydrazine group, (24) an imino group, (25) an 0x0 group, (26) an ureido group, 
P K i^^"*.^ ^^^^ ^ di<;,.6-alkyl-ureido group, (29) an oxide group and (30) a group fomied 

bybinding2or3groupsselectedfrom(l)to(29) listed above. Thoseexempllfledtypteally as these substltuents 
are those exemplified with regard to Substituent Group A described above. 

fJ!^fl ^" represented by R2a and is one similar to an "acyl group" represented by R2 and R3 

[0446] Any of "optionally substituted hydrocarbon group", "acyl group" and "optionally substituted hydroxy group" 
represented by R^^a ,3 one similar to any of "optionally substituted hydrocaibon group", "acyl group" and •opttenallv 
substituted hydroxy group- represented by R4. cyi group ana optionally 

[0447] Any of "optionally substituted hydrocarbon group", "acyl group", "optionally substituted heterocydic group" 
and halogen atom represented by RSa is one similar to any of "optionally substituted hydrocaibon group", "acyl group- 
optionally substituted heterocydic group" and "halogen atom" represented by FfS. f f • 
[0448] An "optionally substituted hydrocarbon group" represented by R6a, R7a_ R8a a„d R9a is one similar to an 
optionally substituted hydrocarbon group" represented by RS. R7, r8 and R9. 

[0449] Any of "optionally oxidized sulfur atom" and "optionally substituted nitrogen atom" represented by is one 
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similar to an "optionally oxidized sulfur atom" or "optionally substituted nitrogen atom" represented by X. 
[0450] An "optionally substituted hydroxy group" represented by Z may for example be a group represented by For- 
mula: -OZ^ wherein Z^ is a hydrogen atom, optionally substituted hydrocarbon group or acyl group. 
[0451] Any of "optionally substituted hydrocarbon group" and "acyl group" represented by Z« is one similar to any of 
"optionally substituted hydrocartwn group" and "acyl group" represented by R2. 

[0452] , A halogen atom represented by Z is a fluorine atom, chlorine atom, bromine atom and iodine atom. 
[0453] 'Compounds (B) and (C) are preferably those listed below. 

(1 ) Compounds (B) and (C) wherein each of R2a and R^^ is (l ) a C^^ alkyi group which may be substituted by <1 > 
a halogen atom, <2> a hydroxy group which may be substituted by a substituent selected from a C^^ alkyl. C^^ 
alkyl-carbonyl, C^^ alkylsulfonyl and Cy.^g aralkyi, <3> an amino group which may be substituted by 1 or 2 C^^ 
alkyh' aHcyh»rbony*»afid*G5.^4 aiyN»ibonylr<4c>^'a^t0< l^fnernberecf^h^^ 

heteroatom(s) selected from nitrogen, oxygen and sulfur atoms in addition to carbon atoms, <5> a thio group which 
may be substituted by C^^ alkyl, <6> a C^.^ alkyl-sulfinyl group or <7> a C^^ alkyl-sulfonyl group or (2) a C^^ 
alkoxy-carbonyl group, 

is (i) a hydrogen atom, (ii) a C^^ alkyl group [this C^^ alkyl group may have a substituent selected from 

(1) a halogen atom, (2) a C^^ alkoxy group, (3) a hydroxy group, (4) an amino group, (5) a mono-C^^ alkylamino 
group, (6) a dl-C^^ alkylamino group, (7) a 4- to 10-membered heterocydte group containing 1 to 3 heteroatom 
(s) selected from nitrogen, sulfur and oxygen atoms in addition to carbon atoms which may have an oxo, (8) a 
^6-14 ajyithio, (9) an ureido, (10) acarboxy, (11) a carbamoyl, (12) a C^^ alkoxy-carbonyl, (13) a mono-C^^ alkyl- 
carbamoyl, (14) a fomiylamino and (15) a C^^ alkyl-carboxamidoj or (iii) a formyl group; 

Xa is a bond, oxygen atom, optionally oxWized sulfur atom, -NH- or -N(methyl)-, 

R5a is, 

when X» is a bond, then (1) a C^^ alkyl group or (iO a halogen atom, 

when Xa is an oxygen atom, then (i) a C,.6 alkyl group [this C^^ alkyl group may have a substituent selected 
from (1) a halogen atom, (2) a hydroxy group. (3) an amino group, (4) a carboxy, (5) a carbamoyl. (6) a C^^ alkoxy- 
carbonyl, (7) a mono-C^^ alkyl-carbamoyi, (8) a di-C^^ alkyl-carbamoyl, (9) a 4- to 10-membered heterocyclic 
group containing 1 to 3 heteroatom(s) selected from nitrogen, sulfur and oxygen atoms in addition to carbon atoms], 
(ii) a cycloalkyi group, (iii) a C^.^g aralkyi group, (iv) a C^.q alkyl-carbonyl group, (v) a C6.^4 aryl^arbonyl 
group, (vi) a C^^ alkoxy-carbonyl group, (vii) a mono- or di-C^^ alkyl-thiocarbamoyl group, (viii) an optionally 
halogenated C^^ alkyl-sulfonyl group or (ix) a 4- to 1 0-membered heterocyclrc group containing 1 to 4 heteroatom 
(s) selected from nitrogen, sulfur and oxygen atoms In addition to carbon atoms [this heterocyclic group may have 
aC6.i4aryl], 

when X^ is an optionally oxidized sulfur, then (i) a C^.g alkyl group or (ii) a mono- or di-C^^ alkyl -carbamoyl 
group, 

when Xa is -NH- or -N(methyl)-. then (i) a C^^g Q'*^' 9''^"P P^'s C^^ alkyl group mayhave a C^^ alkoxy- 
carbonyl], (Ii) forniyl, (iii) a C^^ alkyl-carbonyl group, (iv) a C^^ alkoxy-carbonyl group, (v) a carbamoyl group, (vi) 
a fTiono- or di-C^^ alkyl-carbamoyi group or (vii) a C^^g alkyl-sulfonyl group, 

each of R^a, R7a^ R8a R9a is a hydrogen atom or C^^ alkyl group, 

Z is (i) a hydroxy group which may be substituted by a C^^ alkyl-carbonyl or (ii) a halogen atom. 

(2) Compounds (B) produced in Reference Examples 5, 6, 26, 27, 30. 57, 60, 63, 95 and 137. 

(3) Compounds (C) produced in Reference Examples 7, 8 and 115. 



[0454] A prodmg for an inventive Compound (I), (I*), (1-1 ) or (r-1 ) is a compound which is converted into Compound 
(0. (Oi (J-1) or (•'-!) under a physiological condition as a result of a reaction with an enzyme or gastrte acid, thus a 
compound undergoing an enzymatic oxidation, reduction or hydrolysis to fonn Compound (I), (!'), (1-1) or (l'-1) and a 
compound hydrolyzed by gastrte acid to fonm Compound (I), (I'), (1-1) or (I'-l). A prodrug for Compound (I), (I'), (1-1) or 
(r-1) may for example be a compound obtained by subjecting an amino group in Compound (I), (r), (1-1 ) or (I'-l ) to an 
acylation, all^ation or phosphorylation (e.g., a compound obtained by subjecting an amino group in Compound (I), 
(I*), (1-1 ) or (I'-l ) to an efcosanoylation, alanylation, pentylaminocarbonylation, (5-methyl-2-oxo-1 ,3-dioxolen-4-yl)meth- 
oxycarbonylatlon, tetrahydrofuranylation, pyrrolidylmethylation, pivatoyloxymethylation and tert-butylation, etc.); a 
compound obtained by subjecting a hydroxy group in Compound (I), (I'), (1-1) or (I'-l) to an acylation, alkylation, phos- 
phorylation orboration (e.g., a compound obtained by subjecting an hydroxy in Compound (I), (!'), (1-1) or (M) to an 
acetylation, paimitoylation, propanoylation, pivaloylation, suocinylation. f umarylation, alanylation, dimethylamlnometh- 
ylcarbonylation. etc.); a compound obtained by subjecting a carboxy group in Compound (I), (I*), (1-1) or (I'-l) to an 
esterification or amidation (e.g., a compound obtained by subjecting a carboxy group in Compound (I), (I'). (1-1 ) or (P- 
1 ) to an ethylesterification, phenylesterification, carboxymethylesterification, dimethylaminomethylesterification, pival- 
oyloxymethyleslerification. ethoxycarbonyfoxyethylesterification. phthalidylesterlficatlon. (5-methyl-2-oxo-1 ,3-dioxo- 
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f j len-4-y()methylestemcation. cydohexyloxycartoonylethylesterification and methylamidation. etc ) and the Gke Anv of 

these compounds can be produced from Compound (I). (!•). (|-i ) or (1-1 ) by a method known per se 
(04551 A prodoig for Compound (I). (1'), (1-1 ) or (l'-1 ) may also be one which is converted into Compound (I) IV) (I- 
1) or (I -1 ) under a physiological condition, such as those described in "lYAKUHIN no KAIHATSU (DeveloDriient of 
5 Ph^miaceutteals)-. Vol.7. Design of Molecules, p.163-198. Publishedby HIROKAWA SHOTEN (1990) 
\ [WW]. AsasaltofCompound(A).(0.(IX(A-1),(I-1).(ri),(B)or(C)mayforexamplebeaphysiologl^^ 
V salt. For example, a salt with an inorganic base, ammonium, organic base, inorganic acid, organic acid basic or acidic 
amino acd may be employed. A salt with an inorganic base may for example be an alkalinemetal salt such as sodium 
* T ^ ^'"^""^ ^^'^ "^^ ^" ^""^ ^ '^^'"""^ a"^ magnesium salts, etc.. aluminum and the 

10 like.Asattwithanorganicbasemayforexamplebeasaltwithtrimethylamine.triethylamine.pyri^^^^^ picoline 26-lu- 
tidine, ethanolamine. diethanolamine. triethanolamine, cyclohexylamine. dicyclohexylamine or N N'-dibenzylethvlen- 

acid, sulfuric acid or phosphoric acid, etc. A salt with an organic salt may for example be a salt with fomik: add ^tic 
a«d Muoroacetic acid, phthalic acid, fumaric acid, oxalk; acid, tartadc acid, maleic add. citric add. succinic add 
malic acid, meffianesulfonic acid, benzenesulfonfc add or p-toluehesulfonk5 add. etc. A salt with a basic amino acid 

asaltwithasparticacldorglutamteadd, etc. '""■■kwuo 
(0457] Among those listed above, a phamiacologically acceptable salt is preferred. Indudlng, a salt with an inorgante 
aad such as hydrochloric acW. hydrobromfc add. nitric acid, sulfuric acid and phosphoric add. etc a salt witti an 
organic acid such as acette add. phthalfc add. fumaric add, oxalic add. tartaric add, maleic add. dtric acid meth- 
anesulfonK acid and p-toluenesulfonte add. etc. when Compound (I) or (I') has a basfc functional group, as well as an 
alkalinemetal salt such as sodium salt and potassium salt, etc., an alkaline earth metal salt such as caldum salt and 
magnesium salt, etc., and an ammonium salt when Compound (I) or (I') has a addfc functional group 
(0458] Since Compound (A), (I). (I'). (A-1). (1-1). (M ) according to the invention or a salt thereof (including a prodrug 

^nUn^ZTT r? " ''^ ^'"P'^y^'^ - ^ prophyladic orLrapeutb 

agent in mammals (for example, human, mouse, dog. rat, cattle, etc.) against inflammatonr diseases, for example 

bronchial asthma chronic obstructivepulmonarydisease(COPD), rheumatoid arthritis, autoimmune disease diabJes" 
"'fP'^ "^P^*^- P'^"^**' osteoporosis, depresston. central dysfundion after cer-' 

ebrovascular ocdusion cerebrovascular demerrtia. Abheimer dementia, obesity, cardiac insufficiency, atopic demia- 
te^dthel.ke.aswellasaphosphodiesterase(PDE)IVinhto 

(0459 A specific dosage fomi may for example be a tablet (including sugar^oated and film-coated tablets) pill 

m^«riV'" t ""^ P°'^''^'- '"i^^'o" forniubtion, inhalation for^ 

r S! A ' ^^f fi^fd ^'nlment, suppository, troche, poulitic, liniment and 

21 JnhJ? ^ ^ forniulatrons can be prepared in accordance with an ordinary method (for example a method 
descnbed in Japanese Phannacopoeia). v . k 

[0460] The amount of an inventive compound in a fomnulation according to the invention may vary depending on the 
dosage fomi, and ,t is usually 0.01 to 1 00% by weight based on the entire fomiulation. preferably 0.1 to 50% by weiqht 
more preferably 0.5 to 20% by weight. y ■ luou/boyweigni, 

S^tlirS^Hi?" ^ PJ0^^<i by mixing a medteament as it is with an exdpient. binder, disintegrant or 

2Tko «f ^ homogenous mass, granulating by a suitable method, combining with a lubricant and 

or n h!; n ^. ^'^.P'^^'"9 « 0^ "y "fixing a medicament as it Is with an exdpient. binder, disintegrant 

In Jle nrs^^^^^^ Z '° a homogenous mass and then compressing directly into a tablet, or by preparing a 

mis ?^m?.Lt ^ <^ after mixing with suitable additives to fom, a homogenous 

^Ilfrn?„ J r •*^k'! seasonings and the like, if necessary. The fomiulation can further 

De nim-coated by a suitable coating. 

[0462] In a method for producing an injection formulation, a certain amount of a medicament Is dissolved, suspended 
or emulsified m a water for injection . physiological saline and Ringer's solution when the medicament is water^oluble 
ln!"n^t f Th^ °" ""^^^ medicament is water-insoluble, whereby obtaining a certain quantity, or a certairi 

amount of the medicament is enclosed in a vial for an injection fomiutation, 

[0463] An oral fomiulation carrier is a material employed customarily in the pharmaceutical field, such as starch 
mannrtol, crystaNine cellulose, sodium cartoxymethylcellulose and the like. A vehicle for injection may for example be 
d,st. led water, physiological saline, glucose solution, infusion solution and the like. Other additives generally employed 
in a fomiulation may also be added properly. «»npioyea 

f^l^^^^^^^f "^^"""^ ^ formulation may vary depending on the age, body weight, condition, administration 
route, administration frequency and the like, a daily dose in an adult having asthma is usually 0.01 to 100 mq/ka as 
an active ingredient (inventive compound), preferably 0.01 to 50 mg/kg. more preferably 0.05 to 10 mg/kg which is 
given orally once or in two portions a day. 
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[0465] While the compound of the Invention can exhibit an excellent phosphodiesterase (PDE) IV-inhibiting activity 
even when being given alone, it can be used also in combination (multimedicament combination) with phamiaceutical 
components other than inventive compounds (hereinafter referred to as concomitant medicaments). 
[0466] Such a concomitant medicament may for example be an antiasthma agent (for example, fluticasone propi- 
onate, beclomethasone propionate, theophylline, procaterol, ketotifen, azelastine, seratrodast, etc.), anti-allergic agent 
(for example, fexofenadine, epinastine, ebastine, etc.), anticholinergic agent (for example ipratropium bromide, flutro- 
pium bromide, oxitropium bromide, etc.), anti-inflammatory agent (for example, diclofenac sodium, ibuprofen, in- 
* domethacin, loxoprofen sodium, etc.), antibacterial agent (for example, cefixime, cefdinir, ofloxacin, tosufloxadn tosi- 
late, levofloxacin, etc.), antifungal agent (for example, fluconazole, itraconazole, etc.). diabetes-treating agent (for 
example, pioglitazone, nateglinide, voglibose, acarbose, etc.), etc. 

[0467] When using an inventive compound in combination with a concomitant medicament, the timings of the ad- 
ministration ofthe inventive Gompoi7nd^and4!he'co^ 

compound and the concomitant medicament can be given to a subject simultaneously or at a certain time interval. The 
dose of the concomitant medicament may be in accordance with a dose employed clinically, and selected appropriately 
depending on the target, route, disease, combination and the like. 

[0468] The administration mode of an inventive compound and a concomitant medicament are not particularly limited, 
provided that the Inventive compound and the concomitant medicament are combined upon administration. Such an 
administration mode may for example be (1) an administration of a single fomnulation obtained by formulating an in- 
ventive compound and a concomitant medicament simultaneously, (2) a simultaneous administration via an identical 
route of two fomiulations obtained by fomiulating an inventive compound and a concomitant medicament separately, 
(3) a sequential and Intemiittent administration via an identical route of two formulations obtained by formulating an 
inventive compound and a concomitant medicament separately, (4) a simultaneous administration via different routes 
of two formulations obtained by fonnulating an inventive compound and a concomitant medicament separately, (5) a 
sequential and intermittent administration via different routes of two fomiulations obtained by formulating an inventive 
compound and a concomitant medicament separately (for example, inventive compound followed by concomitant med- 
icament, or inverse order) and the like. These administration modes are hereinafter refen-ed to as an inventive con- 
comitant preparation. 

[0469] An inventive concomitant preparation has a low toxicity, and thus an inventive compound and/or a concomitant 
medicament described above are mixed with a phannacologically acceptable carrier in accordance with a method 
known per se to fomri a pharniaceutk^al composition, for example, a tablet (including sugar-coated and film-coated 
tablets), powder, granule, capsule (including softcapsule), solution, injection formulation, suppository, sustained re- 
lease fomiulation and the like, which can safely be given orally or parenteraly (e.g., topically, rectally, intravenously). 
An injection formulation may be given intravenously, intramuscularly, subcutaneously, into an organ, intranasally, in- 
tradermally. via eye drop, intracerebrally, rectally, vaginally and intraperitoneally, or into a tumor, or proximal to the 
tumor, or directly into a lesion. 

[0470] A phamnacologrcally acceptable carrier which may be employed for producing an inventive concomitant prep- 
aration may for example be one similar to those employed In an inventive pharmaceutical composition described above. 
[0471] The ratio between an inventive compound and a concomitant medicament in an inventive concomitant prep- 
aration may be selected appropriately on the basis of the target, route and disease, etc. 

[0472] For example, the amount of an inventive compound contained in an inventive concomitant preparation is 
usually about 0.01 to 100% by weight based on the entire fonnulatlon, preferably about 0.1 to about 50% by weight, 
more preferably about 0.6 to about 20% by weight, although it may vary depending on the dosage form. 
[0473] The amount of an concomitant medicament contained in an inventive concomitant preparation is usually about 
0.01 to 100% by weight based on the entire formulation, preferably about 0.1 to about 50% by weight, more preferably 
about 0.5 to about 20% by weight, although it may vary depending on the dosage form, 

[0474] The amount of an additive such as a earner contained in an inventive concomitant preparation is usually about 
1 to about 99.99% by weight based on the entire formulation, preferably about 10 to atwut 90% by weight, although it 
may vary depending on the dosage fomi. 

[0475] Similar amounts may be employed also when an inventive compound and a concomitant medicament are 
formulated separately. 

[0476] Such a fonnulatlon can be produced by a method known per se which is employed usually in a pharmaceutical 
process. 

[0477] For example, an inventive compound and a concomitant medicament can be fomiulated with a dispersant (e. 
g.. Tween 80 (ATU\S POWDER. USA), HC060 (NIKKO CHEMICALS), polyethylene glycol, cartooxymethyl cellulose, 
sodium alginate, hydroxypropylmethyl cellulose, dextrin, etc.), a stabilizer (e.g., ascoriaic add, sodium pyrosulfite , etc.), 
a surfactant (e.g., polysorbate 80, macrogol, etc.), a solubilizing agent (e.g., glycerin, ethanol, etc.), buffer agent (e. 
g.. phosphoric acid and its alkali metal salts, citric acid and its alkali metal salt, etc.), an osmotk: agent (e.g., sodium 
chloride, potassium chloride, mannitol, sortjitol. glucose, etc.), a pH modifier (e.g.. hydrochloric acid, sodium hydroxide. 
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ete. . a presejvat«/e (e.g.. ethyl p-hydroxybenzoate. benzoic acid, methylparabene. propylparabene. benzyl alcohol 
eta), a solubitaer e.g.. concentrated gVcerln. meglumine, etc.). a solubilizing aid (e.g.. propylene glycol, sugar, etc )' 
apa.nk.ller(e.g.. glucose benzyl alcohol, etc.). etc. into an aqueous fomnulation for injection, or dissolvec^, susp;nded 
or emulsified .n a vegetable o.l such as olive oil. sesame oil. cottonseed oil and com oil. etc. and in a solubilSng aW 
* T^^f"^ ^""^ ^" f«'^"'afi«>". whereby producing an injection f omiulation 

\. S f^f " '^"^^^^ « '"«»hod known perse is employed to compress an inventive com- 

V ^und w a concomrtant med«ament for example with an excipient (e.g.. lactose, sugar, starch, etc.). a disintegrant 
(e.g..starch.(^Ic|u,nca*onate.etc.).abinder(e.g..starch.gum arable, ca*oxymethylce^^^^^^^^ 
hydroxypropylcelluloseetc.)oraglidant(e.g..talc.magnesiumstearate.polyethylene glycol 60^ 

perfomiance if necessary by means of a coating method known per se, whereby obtaining an oral dosage fomi Such 
a.eoal«>g.marfore«mple.be.hydre)q^pR>pylm« 

^ hi?' T 'Ir?'' ^'^^^ Phthalarhyrxypropyl,;SSSr 

phthalate hydroxymethyl cellulose acetate succinate, Eudragit (Rohm. German, methacrylic/^n^fc acid copotynS 
and a colorant (e.g.. ,ron oxide red, titanium dioxide, etc.). An omi dosage fom, may be an instantaneousretease 
fonmulaaon era sustained release, formulation. wmdneous release 

[0479] In order to obtain for example a suppository, a method known per se Is employed to convert an inventive 
compound or concomitant medicament into an oily or aqueous solid, semi-solid or liquid suppository. oily Jase 

SOL (DYNAMITE NOVEL, Gemiany). etc.], a medium fatty acid (e.g.. MIGRIOL (DYNAMITE NOVEL, Gemiany) etc 1 
or a vegetable 0,1 e.g.. sesame oil. soybean oil, cottonseed oil. etc.). etc. The aqueous base may for^Zpte be 

522 ' f T "T''"' ^"'""""^ ''^^ -"^y «''^P'- ^ -tu,Bl gums. ctZse d^ 

nvatives. vinyl polymers and acrylic acid polymers, etc. 

S fom,ulation described above may for example be a sustained-release microcapsule, etc 

[0481 While a sustained-release microcapsule can be obtained by a method known per se, a sustained release 
fomiulation shown in Sectfon [2] described below is fomied and administered in a preferred case 
[0482] The inventive compound is preferably fomiulated as an oral dosage fomi such as a solid fomiulation (e a 

P^SaS^reS^r ■ " " ^ -^'^ ^'^ ^ « ^""''-"•"V- 

mSmenr""^'**"* medfcament can be fomiulated into a dosage fomi described above based on the type of the 
[0484] -me followings are the descriptions with regard to [1] the injection fomiulation of the inventive compound and 
Z^ZZT^T T"''' ^"1 ^ "^"^"""^ sustained-release or immedTte release 

irn?re s^e LIST h "^ '"T'^^^'^P^""'^ the concomitant medfcament and the method for pro- 
tZ^^M !Tk ' ^ , sublingual, buccal or instant oral disintegration fomiulations employing of the inventive 
compound and the concomitant medicament and the method for producing the same. 

[1J Injection fomiulation and method for producing the same 

SJSL.J*'^ soluBon obtained by dissolving the inventive compound and the concomitant medicament in water is 
employed preferably Such injection fomiulation may contain a benzoate and/or a salicylate 

in water together with a benzoate and/or a salicylate in water as desired 

^^L!^':Z !^ JT ^ '"^9"^^'""^ ^<^- etc.. an ammonium salt, a rSeglumine 

salt as well as a salt of an organic acid such as trometamol etc 

S^toibo'il! sZ^T^^'f r«"«^««""P°""d<'^«<^0"comitant medicament in an injection fomiulation is about 
0.5 to about 50w/v%, preferably about 3 to about 20w/v%. 

"^^ ^'l^fves employed customarily in a injection fomiulation, such as a stabilizer 

i^ul ^^J""^ Py^^ftte and the like), a surfactant (polysorbate 80, macrogol and the like), a solubilizing 
S 2^' "^iK^^-t"? " """"^ ^9""* (phosphoric acid and its alkali metal salt, citric acid and its alkaS 

metal salt and the like), an osmotic agent (sodium chloride, potassium chloride and the like), a dispeising aqent (hv- 

" "^'^'"^^ (hydrochloric acid, sodium hydroxide anJ the life)Tpres^;;ie 
Zm^nn^^^'T- ^"'f ^"'^ ' (concentrated gVcerin. meglumine and the like), a 

!?S^^!f i ''^'!!! ^"^^ ^"'^ ^ P^'""^'"^^ <9'"'^°^«' ''^"^ ^'^^h*'' the like) property, iiy 

of these additives are added in an amount employed customarily In a fomiulation for in^ 

[0490] The pH of the injection fonnulation is adjusted at 2 to 1 2. preferably 2.5 to 8.0 with a pH modifier. 
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[0491] An injection formulation Is obtained by dissolving an inventive compound and a concomitant medicament if 
desired together with a benzoate and/or salicylate In water if desired together with the additives listed above. These 
components may be dissoh^ed in any order as appropriate similarly to a customary preparation of a fomiulatlon for 
injection. 

[0492] An injection fonnulation is preferably wamied, and given as a formulation for Injection after sterilizing by 

filtratll:>r\or autoclave similariy to a customary fonnulation for injection. 
■ [0493] ' An injection fomnulation Is preferably autoctaved at 100 to 121 °C for 5 to 30 minutes. 
' [0494] A formulation may be present as a solution imparted with an antibacterial activity for the purpose of using 

several times in divided doses, 

[2] Sustained-release or immediate release formulation and method for producing the same 

[0495] A sustained release formulation obtained by coating a core containing an inventive compound or a concom- 
itant medicament with a water-insoluble material or a swelling polymer as desired is employed preferably. For example, 
a sustained-release oral fomnulation of a single daily dose is preferred. 

[0496] A water-insoluble material employed as a coating may for example be cellulose ether such as ethyl cellulose 
and butyl cellulose, etc., cellulose ester such as cellulose acetate and cellulose propionate, etc., polyvinyl ester such 
as polyvinyl acetate and polyvinyl butyrate, etc., acrylic acid-based polymer such as acrylic acid/methacrylic acid co- 
polymer, methyl methacrylate copolymer, ethoxyethyl methacrylate/cinnamoethyl methacrylate/aminoalkyi methacr- 
ylate copolymer, polyacrylic acid, polymethacrylic acid, metacrylic acid alkylamide copolymer, poly(methyl methacr- 
ylate), polymethacrylate, polymethacrylamide, aminoalkyi methacrylate copolymer, poly(methacrylic anhydride), gly- 
cldyl methacrylate copolymer, especially, a series of Eudragit such as Eudragit RS-100, RL-100, RS-30D, RL-30D, 
RL-PO, RS-PO (ethyl acrylate/methyl methacrylate/chlorotrimethyl methacrylate/ethyl ammonium copolymer) and 
Eudragit NE-30D (methyl methacrylate/ethyl acrylate copolymer), hydrogenated oils such as a hydrogenated castor 
oil (e.g., Lubri wax (Freund Industrial Co.,Ltd.), waxes such as camauba wax, a fatty acid glycerin ester and paraffin 
and a polyglycerin fatty acid ester, etc. 

[0497] As a swelling polymer, a polymer having an acidic cleavable group and exhibiting a pH-dependent swelling 
is preferred, and an acidic cleavable group-bearing polymer which undergoes a less swelling at an acidic pH such as 
in stomach but is swollen extensively at a neutral pH such as in small and large intestines is preferred. 
[0498] Such polymer having an acidic cleavable group and exhibiting a pH-dependent swelling may for example be 
a crosslinked polyacrylic acid polymer such as Carbomers 934P, 940, 941 , 974P, 980, 1 342 and the like, Polycartaophil 
and Calcium Polycarbophil (BF GOODRICH), HIGHVIS Wakos 103, 104, 105 and 304 (Wako Pure Chemcal). 
[0499] A coating employed in a sustained release formulation may further contain a hydrophilic material, 
[0500] Such hydrophilic material may for example be a polysaccharide which may have a sulfate group such as 
pullulan, dextrin and alkali metal alginates, a polysaccharide having a hydroxyalkyi group or a carboxyalkyi group such 
as hydroxypropyl cellulose, hydroxypropylmethyl cellulose and sodium carboxymethyl cellulose as well as methyl cel- 
lubse, polyvinyl pyrrolidone, polyvinyl alcohol and polyethylene glycol, etc. 

[0501 ] The water-insoluble material content in a coating of a sustained release formulation is about 30 to about 90% 
(w/w), preferably about 35 to about 80% (w/w). more preferably about 40 to about 75% (w/w), and the swelling polymer 
content is about 3 to about 30% (w/w), preferably about 3 to about 1 5% (w/w). A coating may further contain a hydrophilic 
material, the content of whfch in the coating is about 50% (w/w) or less, preferably about 5 to about 40% (w/w), more 
preferably about 5 to about 35% (w/w). Percent (w/w) referred here means a % by weight based on the coating com- 
position which is the rest of the coating solution after deleting any solvent (e.g., water and a lower alcohol such as 
methanol and ethanol, etc.). 

[0502] A sustained release formulation is produced, as exemplified below, by preparing a core containing a medica- 
ment followed by coating a resultant core with a coating solution obtained by melting a water-insoluble material or a 
swelling polymer or by dissolving or dispersing such material in a solvent, 

I. Drug-containing core preparation 

[0503] While a coated medicament-containing core (hereinafter sometimes referred to simply as a core) may be in 
any nonlimiting shape, it is fomied preferably as a particle such as a granule or a fine particle. 
[0504] When a core is a granule or a fine partk^le, it has a mean partk:le size preferable of about 150 to 2,000 \m, 
more preferably about 500 to 1 ,400 \vm. 

[0505] The core can be prepared by a standard method. For example, a medicament is combined with suitable 
excipient. binder, disintegrant, glidant, stabilizer and the like, and then subjected to a wet extrusion granulation or a 
fluidized bed granulation. 

[0506] The medicament content in a core is about 0.5 to about 95% (w/w), preferably about 5.0 to about 80% (w/w). 
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more preferably about 30 to about 70% (w/w). 

£0507] The excipient contained in a core may for example be a saccliaride such as sucrose, lactose mannitol and 
glucose, etc.. starch, crystalline cellulose, cafcium phosphate and com starch. Among these. oystalRne cellulose and 
corn starch are prefen-ed. 

[0508] A binder may for example be polyvinyl alcohol, hydroxypropyl cellulose, polyethylene glycol, polyvinyl pyrro- 
lidone. Pluronc F68. gum arabic. gelatin and starch, etc. A dislntegrant may for example be calcium carboxymethyl 
cellulose (ECG505), sodium croscamiellose (Ac-Di-Sol), crossllnked polyvinyl pyrroUdone (crospovidone) and a low- 
substituted hydroxypropyl cellulose (L-H PS), etc. Among these, hydroxypropyl cellulose, polyvinyl pyrrolidone and a 
low-substituted hydroxypropyl cellulose are preferred. A glldant and an anticoagulant may for example be tab maq- 
nesium stearate. etc.. and a lubricant may for example be pofyethylene glycol, etc. A stabilizer may for example be an 
acid such as tartaric add. citric acid, sucdnic add. fumaric add and maleic add. etc. 

£6509]." In-additlon. torthe^methods^described»above; other-methods^carT--be.einployed^to- f om* axore sach<asraff • 
agitating granulation method wherein an inert earner particle as a seed for the core is sprayed with a binder dissolved 
rn a suitable solvent such as water and a lower alcohol (e.g.. methanol and ethanoO with bdng supplemented portion- 
wise with amedicament or a mixture thereof with an excipient and a glldant as well as a pan coaling method a nuidlzed 
bed coating method and a melting granulation method. An inert carrier particle may for example be one pr^ared from 
sugar, lactose, starch, crystalline cellulose and waxes, and has a mean particle size preferably of about 100 urn to 
about 1 ,500 |im. 

[051 0] In order to separate a medicament contained in a core from a coating, the surface of the core may be covered 
with a protective material. Such protective material may for example be a hydrophilic material described above and a 
water-insoluble material. A preferred protective material Is polyethylene gVcol or a polysaccharide having a hydroxv- 
alkyl group or a cart)oxyalkyl group, more preferably, hydroxypropylmethyl cellulose and hydroxypropyl cellulose The 
protective matenal may contain, as a stabilizer, an acid such as tartaric add. dtric acid, succinic add. fumaric add and 
maleic acid, as well as a glldant such as talc. etc. A protective material, when employed, is coated at a rate of about 
1 to about 15% (w/w). preferably about 1 to about 10% (w/w). more preferably about 2 to about 8% (w/w) based on a 
core. 

[0511] A protective material can be coated by a standard coating method, and typically a core is sprayed with the 
protective material by a fluidized bed coating method and a pan coating method. 

30 II. Coating of core with coating agent 

[0512] A core obtained as described above in Section I is coated with a coating solution containing a water-insoluble 
matenal, a pH-dependent swelling polymer and a hydrophilic material being melted therein by heating or being dis- 
solved or dispersed in a solvent to obtain a susfained release fomiulation . 
[0513] A method for coating a core with a coating solution may for example be a spray coating 
(051 4] The ratio between a water-insoluble material, a swelling polymer and a hydrophilic material in a coating so- 
krtKm may be selected appropriately in such a manner that respective contents in the coating become those specified 

[0515] The coating rate is about 1 to about 90% (w/w) based on the core (exduding the protective material coating), 
preferably about 5 to about 50% (w/w). more preferably about 5 to about 35% (w/W). 

[051 6] The solvent for a coating solution is water or an organic solvent, which may be employed alone or in combi- 
nation with each other. The ratio between water and the organic soWent when being employed in combination (water/ 
organic solvent: weight ratio) may- vary from 1 to 100%, and is preferably 1 to about 30%. While said organic solvent 
IS not limited particularty as long as it can dissolve a water-insoluble material, it may for example be a lower alcohol 
such as methyl alcohol, ethyl alcohol, isopropyl alcohol and n-butyl alcohol, etc.. a lower alkanone sudi as acetone 
etc as well as acetonitrile, chlorofonn, methylene chloride and the like. Among those listed above, a kwer alcohol is 
preferred, with ethyl alcohol and isopropyl ateohol being especially preferred. Water and a mixture of water and an 
organic solvent are employed preferably as solvents for a coating. In such a case, an acid sudi as tartaric add, citric 
acid, succinic aad. fumanc acid and maleic add may be added to the coating solution tor the purpose of stabilizinq 
'O the coating solution. " 

[0517] An operation when the coating is effected by a spray coating, a standard coating method can be employed 
and typically a core is sprayed with a coating by a fluidized bed coating method and a pan coating method. During this 
process, a lubncant such as talc, titanium oxide, magnesium stearate. caldgm stearate and light silick: anhydride etc 
and a plasticizer such as glycerin fatty add ester, hardened castor dl. triethyl citiate. cetyl alcohol and stearyl alci>hol 
•5 etc. may also be added. 

<=°«»i"9 agent, an antistatk: agent such as a tate may also be incorporated if necessaiy 
[05191 An instantaneous release fomiulation may bea liquid (solution, suspension, emulsion, eta.) or a solid (partfcle 
pill, tablet, ete ). While an oral fomiulation and a parenteral formulation such as an injection fomiulation may be em- 
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ployed, an oral formulation Is prefeaed. 

[0520] An instantaneous release formulation may usually contain, a earner, additive and excipient (hereinafter some- 
times abbreviated as excipient) which are employed customarily in the ph annaceutical field, in addition to a medicament 
which is an active ingredient. Such a formulation excipient is not limited particulariy as long as it is an excipient employed 
usually as a fomiulation excipient. For example, an excipient for an oral solid fomnulation may be lactose, starch, com 
starch, 9rystalline cellulose (Asahi Kasei, Avicel PHI 01 and the like), powder sugar, granulated sugar, mannitol, light 
sificic anhydride, magnesium carbonate, calcium carbonate, L-cysteine and the like, with com starch and mannitol 
being preferred. Any of these excipients may be employed alone or in combination with each other The amount of an 
excipient may for example be about 4.5 to about 99.4w/w%, preferably about 20 to about 98.5w/w%, more preferably 
about 30 to about 97w/w%, based on the entire amount of an instantaneous release formulation. 
(0521 1 The medicament content in an instantaneous release fomiulation may be selected within the range from about 
OiS tcrabout'95%vppefefably^outt'to'aboetie0%^^ 

[0522] An oral solid instantaneous release formulation contains a disintegrant in addition to the ingredients described 
above. Such a disintegrant may for example be calcium carboxymethyl cellulose (GOTOKUYAKUHIN, ECG505), so- 
dium croscarmellose (for example, Asahi Kasei, Ac-Di-Sol), crospovidone (for example, BASF. COLIDON CL), low- 
substituted hydroxypropyl ceUutose (SHINETSU KAGAKU). cartooxymethyl starch (MATSUTANI KAGAKU), sodium 
carboxymethyl starch (KIMURASANGYO, EXORITAB), partial a starch (Asahi Kasei, PCS) and the like, any of which 
may for example be brought into contact with water to effect water absorption or swelling, or to make a channel between 
a core-fomiing active ingredient and an excipient, whereby disintegrating a granule. Any of these disintegrants may 
be employed alone or in combination with each other. While the amount of a disintegrant to be incorporated may be 
selected appropriately based on the type and the amount of the medicament employed and the preparation design for 
releasing, It may for example be about 0.05 to about 30w/w%, preferably about 0,5 to about 15w/w% based on the 
entire amount of an instantaneous release formulation. 

[0523] An oral solid instantaneous release fomiulation contains additives employed customarily in a solid formulation 
if desired in addition to the components described above. Such additives may for example be binders (for example, 
sucrose, gelatin, powdery gum arable, methyl cellulose, hydroxypropyl cellulose, hydroxypropylmethyl cellulose, car- 
boxymethyl cellulose, polyvinylpyrrolidone, pulluran, dextrin, etc.), lubricants (polyethylene glycol, magnesium stear- 
ate, talc, light silicic anhydride (for example, aerosil (NIPPON AEROSIL)). surfactants (for example, anionic surfactants 
such as sodium alkylsulfate, nonionic surfactants such as polyoxyethylene fatty acid ester and polyoxyethylene sorbitan 
fatty acid ester, polyoxyethylene castor oil derivatives, etc.), colorants (for example, tar-based colorants, caramel, red 
ocher. titanium oxide, ribofravin. etc.). if necessary together with seasonings (for example, sweetener and flavor), 
adsori^ents, preservatives, wetting agents . antistatic agents and the like. As a stabilizer, an organic acid such as tartaric 
acid, citric acid, succinic acid and fumaric acid may also be added. 

[0524] Binders described above are preferably hydroxypropyl cellulose, polyethylene glycol and polyvinylpyrrolidone. 

etc. 

[0525] An instantaneous fomiulation can be prepared based on an ordinary fomiulation technology by mixing the 
components described above and kneading if necessary and then molding. Such a mixing may be accomplished by 
an ordinary method, such as mixing and kneading. Typk:ally, when an instantaneous release fomiulation is fomied as 
a partble, then a method similar to that for preparing a core of a sustained release fomnulation described above is 
employed to mix the materals using a vertical granulator. multi-purpose kneader (HATAKE TEKKOSHO). fluidized bed 
granulator FD-5S (Powrex Corporation) and the like, after which a granulation is effected using a wet extrusion gran- 
ulation or a fluidized bed granulation. 

[0526] Each of an instantaneous release tonnulation and a sustained release fomiulation thus obtained may be 
fomiulated separately by a standard method as it is or in combination with an excipient properly and then provided as 
a final fomfiulatlon for simultaneous administration or intemiittent sequential administration, or the both may be formu- 
lated in a single oral fomnulation (e.g., granule, fine powder, tablet, capsule, etc.) as they are or in combination with an 
excipient properly. The both fomnulation may be fomnulated also as granules or fine powders, which are then filled in 
a single capsule for oral administration. 

[3] Sublingual, buccal or instant oral disintegration formulations and method for producing the same 

[0527] Any of sublingual, buccal or instant oral disintegration fomiulations may be a solid formulation such as a tablet, 
etc., or may be an oral mucosa plaster (film). 

[0528] Each of sublingual, buccal or instant oral disintegration fomiulations is preferably a formulation containing an 
inventive compound or a concomitant medicament together with an excipient. An auxiliary agent may also be contained 
such as a lubricant, osmotic agent, hydrophilic earner, water-dispersible polymer and stabilizer For the purpose of 
promoting the absorption and enhancing the bioavailability, p-cyclodextrin or p-cyclodextrin derivatives (e.g.. hydrox- 
ypropyl-p-cyclodextrin. etc.), etc. may also be contained. 
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10529] Such an exdpient may for example be lactose, sugar. D-mannitol, starch, crystalline cellulose light silicic 
anhydnde and the like. A lubricant may for example be magnesium stearate. calcium stearate. talc colloidal sMica and 
the like, with magnesium stearate and colloidal silica being preferred. An osmotic agent may for example be sodium 
chlonde. glucose, fructose, mannitol. sorbitol, lactose, saccharose, glycerin and urea, with mannitol being preferred 
especially. A hydrophllic carrier may for example be a swelling hydrophilic carrier such as a crystalline cellulose ethyl 
k cellulbs^. crosslinked polyvinyl pyrrolidone. light silicic anhydride, silicic acid, dicalcium phosphate, calcium carbonate 
\ and the like, with a crystalline cellutose (e.g.. microciystalline cellulose) being preferred. A water-dispersible polymer 
may for example be a gum (e.g., tragacanth gum. acacia gum, guar gum), alginate (e.g.. sodium alginate), cellulose 
denvative (e.g.. methyl cellulose, carboxymethyl cellutose. hydroxymethyl cellulose, hydroxypropyl cellulose hydrox- 
ypropylmethyl cellulose), gelatin, water-soluble starch, polyacrylte acid (e.g., carbomer). polymethacrylic acid polyvinyl 
ateohol. polyethylene glycol, polyvinylpyrrolidone, polycarbophil, ascorbate palmitate ester and the like with hydroxy- 
propylmethyhcelluhjsef polj^eryfe^addr-alginate? gelatinv carboxym^ 

yiene glycol, etc. being preferred. Hydroxypropylmethyl cellulose is especially preferred. A stabilizer may for example 
be cysteine, thiosoititol, tartaric acid, citric add. sodium caitonate. ascorbic acid, glydne and sodium sulfite with citric 
acid and ascoibk; add being preferred especially. 

[0530] Each of sublingual, buccal or instant oral disintegration formulations can be produced by mixing an inventive 
compound or concomitant medteament with an excipient by a method known per se. If desired an auxiliary agent 
descnbed above, such as lubricant, osmotic agent, hydrophilte carrier, water-dispeisible polymer, stabilizer colorant 
sweeteners and preservative, may also be incorporated. After mixing thecomponents described above simultaneous^ 
or at a certain time Interval, the mixture is compressed and molded into eadi of sublingual, buccal or instant oral 
disintegration foimulations. For the purpose of obtaining a suitable hardness, a solvent such as water and atoohol may 
be employed to hydrate the mixture before or after the tablet impaction, and then dried finally. 
I0S31] When an oral mucosa plaster (film) is to be molded, an inventive compound or concomitant medicament and 
a water-dispersible polymer (preferably, hydroxypropyl cellulose, hydroxypropylmethyl cellulose) and excipient de- 
scribed above are dissolved in a solvent such as water, and then the resultant solution is casted into a film Additives 
may also be added such as plastfcizers. stabilizers, antioxidants, preservatives, colorants, buffering agents and sweet- 
eners. A glycol such as polyethylene gVcol or propylene glycol may be added for the purpose of imparting a film with 
an appropriate elasticity, and a bioadhesive polymer (e.g.. poVcarbophile, carbopoO may be added for the purpose of 
enhancing the adhesion of the film to the oral mucosal lining. The casting may be accomplished by pouring a solution 
onto a non-adhesive surface, spreading the solution using a coater such as a doctor blade, etc. into a unifomi thickness 
(preferably about 1 0 to 1 000 mfcrons). and then drying the solution to fomi a film. The film thus formed is dried at room 
temperature or with wanning, and then cut into pieces each having a desired surface area. 

[0532] A preferred instant oral disintegration formulation may for example be a rapid diffusfon formulation in the form 
of a solid networic consisting of an inventive compound or concomitant medfcament together with a water-soluble or 
water-diffusible earner whfch is inert to the inventive compound or concomitant medfcarrrent. Said networic is obtained 
by sublimating a solvent from a solid composition consisting of a solution of an inventive compound or concomitant 
medicament in a suitable solvent. 

[0533] In addition to an inventive compound or concomitant medicament, a maWx-fbrming agent and a secondary 
cornponent are contained preferably in the composition of said instant oral disintegration formulation 
[0M41 Said matrix-forming agents may for example be an animal or vegetable protein such as a gelatin dextrin and 
soybean wheat and psyllium seed proteins; a gummy material such as gum arable, guar gum, agar and xanthane 
gum; polysacchande; alginate; cart)oxymethyl cellulose; carrageenan; dextran; pectin; synthetic polymer such as pol- 
yvinylpyrrolidone; a material derived from a gelatin-gum arabic complex. Those which are also induded are saccharides 
such as mannitol, dextrose, lactose, galactose and trehalose, etc.; cyclte saccharides such as cyclodextrin etc inor- 
ganic salts sud. as sodium phosphate, sodium diloride and aluminum slltoate. etc.; amino acids having 2 to 1 2 cartoon 
atoms such as glycine. L-alanine. L-aspartte acid. L-glutamic add. L-hydroxyprollne. L-lsoleucine. L-leudne and L- 
phenylalanine. etc. 

(0S35I One or more matrix-fomiing agents may be introduced into a solution or suspensfon before solidification 
Such a matnx-fomiing agent may be present in addition to a surfactant, or may be present in the absence of the 
surfactant. The matHx-fonning agent serves not only to fomi a matrix itself, but also to aW in maintaining the inventive 
compound or concomitant medicament as being diffused in the solution or suspension. 

[0536] A secondary agent may be contained in a composition such as a preservative, antioxidant, surfactant thick- 
ening agent, colorant. pH modifier, flavor, sweetener or taste masking agent, etc. A suitable colorarit may for example 
be iron oxide red. black and yeltow. FD&C dyes available from ERIS AND EVERALD such as FD&C Blue No 2 and 
FO&C Red No.40. A suitable flavor may for example be mint, raspberry, licorice, orange, lemon, grape fruit, caramel 
vanilla, cherry and grape flavor as well as a combination thereof. A suitable pH modifier may for example be citric acid' 
tartanc acid, phosphoric acid, hydrochloric add and maleic acid. A suitable sweetener may for example be aspartame' 
acesulfame K and thaumatine. A suitable taste masking agent may for example be sodium bicarbonate, ion exchang^ 
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restn. cyciodextrin inclusion compound, adsorbent and microencapsulated apomorphine. 

[0537] A fonnulation contains an Inventive compound or concomitant medicament in an amount usually of about 0.1 
to about 50% by weight, preferably about 0.1 to about 30% by weight and is preferably a fomfiulation (sublingual or 
buccal formulation described above) which allows 90% or more of the inventive compound or concomitant medicament 
to be dissolved (in water) within a time period of about 1 to about 60 minutes, preferably about 1 minutes to about 15 
minutes^ more preferably about 2 minutes to about 5 minutes, or a instant oral disintegration formulation which disin- 

' tegrates' within about 1 to about 60 seconds, preferably about 1 to about 30 seconds, more preferably about 1 to about 

' 1 0 seconds after being placed in the oral cavity. 
[0538] The amount of an excipient described above based on the entire fomiulation is about 10 to about 99% by 
weight, preferably about 30 to about 90% by weight. The amount of p-cyclodextrin or p-cyclodextrin derivative based 
on the entire fonmulation is about 0 to about 30% by weight. The amount of a lubricant based on the entire fonmulation 
is'about-0:t'taabout'1:0%'by'wei9hl;pr^erabty^aboat'^^^^^^ 

on the entire fomfiulation is about 0.01 to about 90% by weight, preferably about 1 0 to about 70% by weight. The amount 
of a hydrophilic carrier based on the entire formulation is about 0.1 to about 50% by weight, preferably about 10 to 
about 30% by weight. The amount of a water-dispersible polymer based on the entire formulation is about 0. 1 to about 
30% by weight, preferably about 1 0 to about 25% by weight. The amount of a stabilizer based on the entire fomiulation 
is about 0.1 to about 1 0% by weight, preferably about 1 to about 5% by weight. The fomfiulation described above may 
further contain additives if desired such as colorants, sweeteners and preservatives, etc. 

[0539] While the dose of an inventive concomitant preparation may vary depending on the type of the inventive 
compound, the subject's age, body weight, condition, and the dosage fomn as well as administration mode and duration, 
the daily dose for example in a patient having a breast cancer (adult, body weight: about 60 kg) is about 0.01 to about 
1 000 mg/kg as an inventive compound and concomitant medicament, preferably about 0.01 to about 1 00 mg/kg, more 
preferably about 0.1 to about 100 mg/kg, particulariy about 0.1 to about 50 mg/kg, especially about 1.5 to about 30 
mg/kg, which is given intravenously at once or in several portions. It is a matter of course that the dose may vary 
depending on various factors as described above, and a less amount may sometimes be sufficient and an excessive 
amount should sometimes be required. 

[0540] A concomitant medicament may be employed in any amount within the range causing no problematic side 
effects. The daily dose of a concomitant medicament is not limited particulariy and may vary depending on the severity 
of the disease, the subject's age, sex, body weight and susceptibility as well as time and interval of the administration 
and the characteristics, preparation, type and active ingredient of the pharmaceutical formulation, and the daily oral 
dose per kg body weight in a mammal is about 0.001 to 2000 mg, preferably about 0.01 to 500 mg, more preferably 
about 0.1 to about 100 mg as medicaments, which is given usually in 1 to 4 portions. 

[0541] When the inventive concomitant preparation is administered, it may be administered at the same time, but it 
is also possible that the concomitant medicament is first administered and then the inventive compound is administered, 
or that the inventive compound is first administered and then the concomitant medicament is administered. When such 
an intemnittent administration is employed, the time interval may vary depending on the active ingredient administered, 
the dosage form and the administration mode, and when the concomitant medicament is first administered, the inventive 
compound may be administered within 1 minute to 3 days, preferably 1 0 minutes to 1 day, more preferably 1 5 minutes 
to 1 hour after the administration of the concomitant medicament. When the inventive compound is first administered, 
then the concomitant medicament may be administered within 1 minutes to 1 day, preferably 10 minutes to 6 hours, 
more preferably 15 minutes to 1 hour after the administration of the inventive compound. 

[0542] The present invention is further detailed in the following Reference Examples, Examples, Fomiulation Exam- 
ples and Experiment Examples, any of which serves only a practice and is not intended to restrict the invention and 
can be modified without departing from the scope of the invention. 

[0543] In the following Reference Examples and Examples, the terni "room temperature* usually means a temper- 
ature from about 10 to about 35^C. A % means a mol/mol% when employed for a yield and a % by volume when 
empk>yed for a chromatographic solvent, and otherwise it is a % by weight. A basic silica gel employed was NH-DM 1 020 
manufactured by FUJI SILYSIA CHEMICAL LTD. Any unidentifiable broad peak such as those of OH and NH protons 
in each proton NMR spectmm are not included in the data. 
[0544] Abbreviations shown below are employed here, 
s: Singlet 
d: Doublet 
t: Triplet 
q: Quartet 
m: Multiplet 
br Broad 

J: Coupling constant 
Hz: Hertz 
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CDCI3: chloroform-d 
OMSO-de: dimethylsulfoxide-de 

NMR: Proton nuclear magnetic resonance 
[0545] A transformant Escherichia coli BL21/pPDE4D3 obtained in Experiment Example 1 described below was 
deported on March 8. 2000 to National Institute of Bioscience and Human-Technology Agency of Industrial Science 
and tfecjinology (NIBH) under the deposition No.FERM BP-7075 and on Febaiary 24. 2000 to Institution for Femien- 
tation, Osaka (IFO) under the deposition No.lFO 1 6383. 

3^® ^^"^ engineering operations employing Escherichia coli was in accordance with Molecular Cloning 
[0547] The Sequence ID Nos. in the sequence listing in this specification indicate the following sequences. 



[Sequence ID N0.I] 

[0548] Sequence ID N0.I indicates the base sequence of a primer employed in Experiment Example 1 . 
15 [Sequence ID No.2] 

[0549] Sequence ID No.2 indicates the base sequence of a primer employed In Experiment Example. 
[Sequence ID No.3] 



[0550] Sequence ID No.3 indicates the cDNA base sequence possessed by Escherichia coli BL21/pPDE4D3 ob- 
tained m Experiment Example 1 . ' k "t-ro uu 



i Example 

[Sequence ID No.4] 



[0551] Sequence ID No.4 indicates the amino add sequence encoded by the cDNA base sequence possessed bv 
Eschenchia coli BL21/pPDE4D3 obtained in Experiment Example 1 . ^ k y 

EXAMPLES 
REFERENCE EXAMPLE 1 

4-Hydroxy-3-methoxy-5-(2H7iethyI-2-propenyl)benzaldehyde 

; o c u ""^^ ^""^ potassium carbonate (30.2 g, 0.219 mol) was added and the mixture was stirred at 75 -C 

or 2.5 hours under nitrogen atmosphere. Water was added to the reaction mixture and the mixture was extracted three 
tinnes with ethyl acetate. The combined organic layer was washed twice with water, and then concentrated under 

io I! If ^o^T ^"^i^t^ *o a column chromatography on a silica gel (hexane/ethyl acetate. 5:1) 

io to obtain 3-methoxy^-(2-methyl-2i)ropenyloxy)ben2aldehyde (35,4 g) as an oil, 

[0553] This 34.3 g of the material was dissolved in N.N-diethylaniline (80 mL), and stin-ed at 200 for 5 hours under 
nitrogen atmosphere. The reaction mixture was dissolved in diisopropyl ether washed with 1 M hydrochloric acid (twice) 
and bnne dned over magnesium sulfate, treated with activated charcoal, filtered, and concentrated under reduced 
pressure. The residue was crystallized from diisopropyl ether-hexane to obtain the title compound (27. 1 g. yield- 79%) 

^5 Melting pornt: 53-54 »»/ • 



REFERENCE EXAMPLE 2 

4-Hydroxy-3-methoxy-5-(2-fnethyl-2-propenyt)ben2aldehyde 



[05541 To a solution of 3-ethoxy-4-hydroxybenzaldehyde <25.6 g. 0.154 mol) in N.N-dimethylfoimamide (150 mL). 
3-chloro-2-methyl-1-propene (16.7 mL. 0.169 moO and potassium caibonate (24.5 g, 0.177 mol) were added and the 
mixture was stirred at 80 'C for 3 hours under nitrogen atmosphere. Water was added to the reaction mixture and the 
reaction mixture was extracted twice with ethyl acetate. The combined organic layer was washed twice with water, and 
then concentrated under reduced pressure to obtain 3-ethoxy-4-(2-methyl-2-propenyloxy)benzaldehyde (35 5 g) as 
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[0555] This was dissolved in N.N-diethylaniline (25 mL). and stirred at 210 *»C forS hours under nitrogen atmosphere. 
The reaction mixture was dissolved in ethyl acetate, washed twice with 1 M hydrochloric acid and twice with water, 
and then concentrated under reduced pressure. The residue was crystallized from diisopropyl ether-hexane to obtain 
the title compound (26,7 g, yield: 79%). 
Melting Point: 85-86 °C 

1H NMR (CDCI3) 6 1.48 (3H, t, J = 7.0 Hz). 1.75 {3H. s). 3.42 (2H. s), 4.20 (2H, q. J = 7.0 Hz). 4.68^.73 (IH. m). 
4.82-4.87 (1 H, m), 6.34 (1 H, s), 7.29 (2H. s), 9.80 (1 H, s). 

REFERENCE EXAMPLE 3 

2,3-Dihydro-7-methoxy-2,2-dimethyi-5-benzofurancarboxaldehyde 

[0556] To a solution of 4-hydroxy-3-methoxY-5-(2-methyl-2-propenyl)ben2aldehyde (26.2 g, 0.127 mol) in toluene 
(130 mL). boron trifluoride diethyl ether complex (17.2 mL, 0.140 mol) was added, and the mixture was stin-ed at 110 
**C for 1 hour. The reaction mixture was washed with water and saturated sodium hydrogen carbonate, dried through 
sodium sulfate and a silica gel (eluted with hexane/ethyl acetate 3:1 ), and then concentrated under reduced pressure. 
The residue was crystallized from diisopropyl ether-hexane to obtain the title compound (1 7.1 g, yield: 65%). 
Melting point: 58-59 *C 

^H NMR (CDCI3) 5 1.56 (6H, s), 3.11 (2H. s). 3,94 (3H. s), 7.28-7.35 (2H, m), 9.80 (IH. s). 
(Alternative synthetic method) 

[0557] A suspension of 4-hydroxy-3-methoxy-5-(2-methyl-2-propenyl)ben2aIdehyde (88.4 g, 0.429 mol) and Amber- 
lyst 15 (trade name) (17 g) in toluene (300 mL) was stirred at 1 00 *C for 1 ,5 hours. The reaction mixture was filtered, 
and washed with ethyl acetate. The filtrate was washed with 0.5 M aqueous solution of sodium hydroxide and water 
(twice), and concentrated under reduced pressure. The residue was crystallized from diisopropyl ether-hexane to obtain 
the title compound (72.1 g, yield: 82%). 

REFERENCE EXAMPLE 4 

7-Ethoxy-2,3-dihydro-2.2-dimethyl-5-benzofurancart)oxaldehyde 

[0558] To a solution of 3-ethoxy-4-hydroxy-5-(2-methyl-2-propenyI)benzaldehyde (28.9 g, 0.131 mol) in toluene (150 
mL), boron trifluoride diethyl ether complex (1 7,8 mL, 0.145 mol) was added, and the mixture was stirred at 100 **C for 
1 hour. The reaction mixture was washed with water, saturated aqueous solution of sodium hydrogen carbonate and 
brine, dried through sodium sulfate and a silica gel (eluted with hexane/ethyl acetate 5:1 ), and then concentrated under 
reduced pressure to obtain the title compound (26.8 g, yield: 93%). 
Melting point: 33-36 **C 

^H NMR (CDCI3) 5 1.47 (3H, t. J = 7,0 Hz), 1 .56 (6H. s), 3.09 (2H. s). 4.19 (2H, q, J = 7,0 Hz), 7.26-7.35 (2H. m). 9.78 
(1H.S). 

REFERENCE EXAMPLE 5 

2,3-Dihydro-7-methoxy-2,2-dimethyl-5-(2-methyl-1 -propenyl)benzofuran 

[0559] To a suspension of 2.3-dihydro-7-methoxy-2.2-dimethyl-5-benzofurancaft)oxaldehyde (1.50 g, 7.27 mmol) 
and isopropyltriphenylphosphonium iodide (3.77 g. 8.73 mmol) in tetrahydrofuran (20 mL), sodium hydride (66% sus- 
pension in oil) (397 mg, 11 mmol) was added, and the mixture was heated under reflux for 1.5 hours. The reaction 
mixture was poured into a 10% aqueous solution of ammonium chloride, and extracted twice with ethyl acetate. The 
combined organic layer was washed with water and brine, dried over magnesium sulfate, filtered, and then concentrated 
under reduced pressure. The residue was subjected to a column chromatography on a silica gel (hexane/ethyl acetate, 
50:1 followed by 30:1) to obtain the title compound (1 .22 g, yield: 72%). An oil. 

1H NMR (CDCI3) 5 1.51 (6H, s), 1.867 (3H, d. J = 1.4 Hz), 1.874 (3H, d, J = 1.4 Hz). 3.02 (2H, s).-3.85 {3H, s), 6.20 
(IH. s), 6,61 (IH.s), 6.65 (IH, s). 

(Alternative synthetic method) 

[0560] To a solution of guaiacol (124 g. 1 .00 mol) in N.N-dimethylformamide (500 mL). 3-chloro-2-methyl-1 -propene 
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(128 mL. 1 .30 mol) and potassium caitoonate (166 g. 1 .20 mol) were added, and the mixture was stirred at 80 -C for 
5 hours under nitrogen atmosphere. Water was added to the reaction mixture and the mixture was extracted twice with 
hexane. The combined organic layer was washed each twice with 0.5 M aqueous solution of sodium hydroxide and 
water, and then concentrated under reduced pressure to obtain 1 -methoxy-2-[(2-methyl-2-propenyl)oxyIbenzene (1 78 

9/ 3S 3n oil. 

, [0561], "niiswasdissolvedinN.N-diethylaniline(250mL).andstirredat205°Cfor5hoursundernitrogenatmosphere 
^. The reaction mixture was cooled with ice, combined with 2 M hydrochloric acid (850 mL), and extracted with ethyl 

acetate. The organiclayerwas washed twicewith water, andconcentrateduriderreduced pressure to obtain2-fnethoxv- 
6-(2-methyl-2-propenyl)phenol (1 78 g) as an oil. 

pmZ] This was dissolved in N,N-dimethylfomiamide (600 mL). 3-chloro-2-methyl-1 -propane (128 mL 1 30 mol) and 
potassium carbonate (166 g, 1.20 mol) were added to the mixture and the mixture was stirred at 80 °C for 7 hours 
undernitrogenatmosphere;Waterwas^added't<>-th6'Teaetioiimixttif€^th^^ 

The combined organic layer was washed each twice with water, an aqueous solution of sodium hydroxide and water 
and then concentrated under reduced pressure to obtain 1 -methoxy-3-(2-niethyl-2-propenyl)-2-f(2-methvl-2-DroDenvn 
oxyjbenzene (231 g) as an oil. r / / « y k k >iy>i 

10563] ™swasdissolvedinN,NKliethylanifine(250mL),andstirredat205''Cfor5hoursundernitrogenatmosphere 
The reaction mixture was cooled with ice. combined with 2 M hydrochloric acid (850 mL), and extracted twice with ethyl 
acetate. The combined organic layer was washed twice with water, and concentrated under reduced pressure The 
residue was distiBed under reduced pressure to obtain 2-methoxy-4,6-bis(2-methyl-2iJropenyl)phenol (186 g yield- 



Boiling point. 104-115 "C /0.11 kPa (0.8 mmHg). 

[0564] 1 64 g (0.706 mol) of this material was dissolved in ethanol (300 mL). cone. hydrx)chloric acid (75 mL) and 
elhanol (75 mL) were added to the reaction mixture and the mixture was heated under reflux for 1 3 hours The reaction 
mixture was combined with hexane and water, and the organic layer was separated, and then the aqueous layer was 
extracted with hexane. The combined organic layer was washed with water, 5 M aqueous solution of sodium hydroxide 
and water (twice), treated with activated charcoal, filtered, and then concentrated under reduced pressure to obtain 
the title compound (163 g) as an oil. This was used in the next reaction without further purification. 

REFERENCE EXAMPLE 6 

7-Ethoxy-2,3-dihydro-2.2-dimethyl-5-(2-methyl-1-propenyl)benzofuran 

[0565] The title compound was obtained from 7-ethoxy-2,3-dihydro-2.2-dimethyl-5-benzofurancan30xaldehyde by 
the method similar to that in Reference Example 5. Yield: 91%. An oil 

1H NMR (CDCI3) 5 1 .42 (3H. t, J = 6.9 Hz), 1 .51 (6H, s). 1.83-1 .89 (6H, m), 3.00 (2H. s), 4.11 (2H. q. J = 6.9 Hz) 6 18 
(1H. brs). 6.61 (1H,s). 6.64 (1H.S). ' 

REFERENCE EXAMPLE 7 

1-(2.3-Dihydro-7-methoxy-2,2-dimethyl-5-benzofuranyl)-2-methyl-1-propanol 

[0566J To a 1 5% solution of isopropylmagnesium bromide / tetrahydrofuran (101 g, 0.10 moQ. a solution of 2 3-dihy- 
dro-7-methoxy-2,2-dimethyl-5-benzofurancarboxaldehyde (20.2 g, 97.9 mmol) in tetrahydrofuran (100 mL) was added 
dropwrse. and the mixture was stirred at room temperature for 40 minutes. The reaction mixture was poured into a 
saturated aqueous solution of ammonium chloride, and extracted twice with ethyl acetate. The combined organic layer 
was washed twice with water, treated with activated charcoal, filtered, and concentrated under reduced pressure The 
residue was recrystallized from ethyl acetate-hexane to obtain the title compound (17.4 g yield- 71%) 
Melting point: 113-116 "C. a- » • /• 

/rj^T,^c,°fJ2! * = ^ ° ' ^ = ^ (6"' -92 (1H. sixtet. J = 6.9 Hz). 3.02 

(2H, s), 3.87 (3H, s), 4.23 (1H, d. J = 7.6 Hz). 6.71 (2H, s). 

REFERENCE EXAMPLE 8 

1 -(2.3-Dihydro-7-methoxy-2.2-dimethyl-5-benzof uranyl)-2-methyl-1 -propoyi acetate 

[0567] To a solution of 1-(2.3-dihydro-7-methoxy-2,2-dimethyl-5-benzofuranyt)-2-methyl-1-propanol (937 mg 3 74 
mmol) in pyndine (5 mL); acetic anhydride (0.35 mL. 3.7 mmol) was added dropwise with cooling in ice. and the mixtu re 
was stirred at 60 "C for 2 hours. The reaction mixture was dissoh/ed in diisopropyl ether, washed with water. 1 M 
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hydrochloric acid (twice), a saturated aqueous solution of sodium hydrogen caibonate and water, and then concentrated 
under reduced pressure. The residue was subjected to a column chromatography on a silica gel (hexane/ethyl acetate. 
20:1 followed by 10:1) to obtain the title compound (915 mg, yield: 84%). 
An oil. 

1H NMR (CDCy 5 0.78 (3H, d, J = 6.6 Hz). 0.98 (3H, d, J = 6.6 Hz). 1 .50 (6H, s), 1 .95-2.17 (1H. m). 2.06 (3H. s), 3.01 
(2H. ^&),,3.86 (3H. s), 5,35 (1H, d. J = 8.4 Hz), 6.66 (1H. s). 6.71 (1H, s). 

' REFERENCE EXAMPLE 9 . 

2,3-Dihydro-7-methoxy-2,2-dlmethyl-5-(2-methyl-2-propenyl)benzofuran 

pseef*^ a^solutton- of guaf aco^(42?S*gr OiiOl^^^ 

mol) in dichloromethane (1 0 mL) was added dropwise at -1 0 ''C over 50 minutes, and the mixture was stirred at room 
temperature for 1 hour. The reaction mixture was combined with water, the organic layer was separated, and the 
aqueous layer was extracted with dichloromethane. The combined organic layer was washed with a saturated aqueous 
solution of sodium hydrogen carbonate and brine, dried over magnesium sulfate, filtered, and concentrated under 
reduced pressure to obtain'an oil. 

[0569] This was dissolved in N.N-dimethylfonmamide (80 mL). 3-ChIoro-2-methyl-1-propene (11 mL, 0.11 mol) and 
potassium carbonate (16.6 g, 0.120 mol) were added to the mixture and the mixture was stinred at 80 "C for 3 hours 
under nitrogen atmosphere. The reaction mixture was combined with water, and extracted twice with ethyl acetate/ 
hexane (1:1). The combined organic layer was washed with 0,5 M aqueous solution of sodium hydroxide and water 
(twice), treated with activated charcoal, filtered, and concentrated under reduced pressure to obtain an oil. 
[0570] This was dissolved in N.N-diethylaniline (20 mL), and stinted at 205 "C for 5 hours under nitrogen atmosphere. 
The reaction mixture was dissolved in diisopropyl ether, washed with 1 M hydrochloric acid (twice) and water, treated 
with activated charcoal, filtered, and concentrated under reduced pressure to obtain an oil. 

[0571] This was dissolved in ethanol (40 mL). Cone, hydrochloric acid (1 0 mL) and ethanol (1 0 mL) were added to 
the mixture and the mixture was heated under reflux for 2.5 hours. The reaction mixture was combined with hexane, 
the organic layer was separated, and the aqueous layer was extracted with hexane and diisopropyl ether. The combined 
organic layer was washed with 2 M aqueous solution of sodium hydroxide (twice) and water, and concentrated under 
reduced pressure. The residue was subjected to a column chromatography on a silica gel (hexane/ethyl acetate. 20: 
1 ) to obtain an oil (1 5.7 g). 

[0572] 2,57 g of this material was dissolved in tetrahydrof uran (10 mL), a 1 .6 M solution of n-butyllithium/hexane (7.5 
mL, 12 mmol) was added dropwise to the mixture at -40 '*C, and the mixture was stirred at the same temperature for 
1 hour. To this, copper (I) iodide (1 . 14 g. 5.99 mmol) was added, and the mixture was stirred at -40 **C for 20 minutes. 
To the resultant mixture. 3-chloro-2-methyl-1-propene (1 .1 mL, 11 mmol) was added dropwise, and the mixture was 
stirred at room temperature for 1 hour. The reaction mixture was poured into ice water, the insolutles were filtered off, 
and washed with ethyl acetate. The organic layer was separated, and the aqueous layer was extracted with ethyl 
acetate. The combined organic layer was washed with water and brine, dried over magnesium sulfate, filtered, and 
concentrated under reduced pressure. The residue was subjected to a column chromatography on a silica gel (hexane/ 
ethyl acetate, 50:1 ) to obtain the title compound (1 .77 g, yield: 46%). 
An oil. 

1H NMR (CDCI3) 6 1.50 (6H. s). 1.69 (3H, s), 3.00 (2H, s), 3.24 (2H, s). 3,85 (3H. s). 4.74 (1H. br s). 4.79 (1H. br s), 
6.55 (IN, s), 6.59 (lH,s). 

REFERENCE EXAMPLE 10 

6-Elhoxy-1,2,3,4,8,9-hexahydro-3,3.8,8-tetramethyl-1-phenylfuro[2.3-h]isoquinoline 

[0573] To a solution of 6-ethoxy-3,4,8,9-tetrahydro-3,3,8,8-tetramethyl-1 -phenylfuro[2,3-h]isoqulnoline (2.27 g, 6.50 
mmol) in methanol (30 mL), 0,8 M solution of hydrogen chlorideAnethanol (9,7 mL) was added dropwise. The resultant 
mixture was cooled with ice, treated portionwise with sodium borohydride (90%) (0.28 g, 7.8 mmol), and stirred at room 
temperature for 10 minutes. The reaction mixture was combined with water, and extracted twice with ethyl acetate. 
The combined organic layer was washed with water and brine, dried over sodium sulfate, filtered, and concentrated 
under reduced pressure to obtain the title compound (2.20 g, yield: 96%). 
A gum. 

^H NMR (CDCI3) 61.16 (3H. s), 1 .21 (3H. s). 1.24 (3H. s). 1 .34 (3H, s). 1.43 (3H. t, J = 7.0 H2),.1.76 (1H. d. J = 15.7 
Hz). 2.43 (1H. d, J = 15,7 Hz). 2.54 (1H. d, J = 15.0 Hz), 2.80 (1H. d, J = 15.0 Hz). 4.11 (2H. q. J = 7.0 Hz), 4.93 (1H. 
s). 6.49 (1 H. s). 7.16-7.38 (5H, m). 
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REFERENCE EXAMPLE 11 

1.2.3,4.8.9-Hra(ahydro-6-methoxy-3.3,8,8-tetramethyl-1-phenylfuro[2.3-h)isoquinoline 

[0574] The title compound was obtained from 3.4.8.9-tetrahydio-6-methoxy-3.3.8.8-tetfamethyl-1 -pheny(furo[2 3-hl 
isoqoinphne by the method similar to that in Reference Example 10. ►"enyuuroi^.j nj 

Quantifative. Amorphous. 

'H NMR (CDCI3) S 1 .1 7 (3H, s), 1 .21 (3H. s), 1 .24 (3H, s). 1 .34 (3H. s). 1 .76 (1 H. d, J = 1S.8 Hz) 2 44 (1 H d J - IS 8 
HZ). 2.55 (1H, d. J = 15.0 HZ). 2.81 (1H, d. J = 15.0 Hz). 3.86 (3H. S)! 4.93 {IH. s), 6.49 (IN I).* 7.^^-^.38 VHrm' 

REFERENCE EXAMPLE 12 

4-<6-Ethoxy-1.2,3.4.8.9-hexahydro-3.3.8.8-tetrametfiylfuro[2.3-h]isoquinolin-1-yl)benzamide 

o^^flnJU^'^T T"'' T ^"^ 4-(6-ethoxy-3.4.8.9-tetrahydro-3.3.8.8-tetramethylfuro[2.3-hJisoquin- 

olin-1-yl)ben2amide by the method similar to that in Reference Example 1 0 Yield- 96% » i • J ""'l"'" 

Melting point: 1 57-1 63 'C (ethyl acetate-hexane). 

y!*ol^?!^''^ ^ '-'^ ' ^ ' (3H. S). 1 .43 {3H. t. J = 7.0 Hz). 1.76 (1H d J - 15 5 

' = ^' ' = '^-^ 2-82 (1H. d. J = 15.4 H2), 4.11 (2H. q J = 7 0 Hz) 5 00 1H 

S). 5.45-6.40 (2H. m). 6.50 (1H. s). 7.33 (2H. d. J = 8.2 Hz), 7.75 (2H,d. J =8.2 Hz). ' O "2). 5.00 (1H, 

REFERENCE EXAMPLE 13 

3-(2.3-Dihydro-7-methoxy-2,2-dimethyl-5-benzofuranyl)-3-hyd«)xy-2,2-dimethylpropionic acid ethyl ester 

S„ «T°„lf2S^" °^J'^'^'3f3-hexamethyldisilazane (1 .88 g. 11 .6 mmol) in tetrahydrofuran (40 mL), a 1 .53 M 
so)ut«)n of n-butyllrthium/hexane (7.61 mL, 1 1 .6 mmoO was added dropwise at -78»C, and the mixture was stiired at 
he same emperature for 15 minutes. To the reaction mixture, a solution of ethyl isoLirtyrate (lTg 7l 6 mS t 
temhydrofuran(lmL) was added dropv^se. and the mixture was stirred with cooling in i^^SOm^^^^^^ 
mDcturewascooledat-78-Cagain.andtreateddropwisewithasolutionof2 

SLre^trr/"' ?• '-'^ tetrahydrofuran (3 mL). The reaLn mixture was stirred oM hour, 

combined with an aqueous solution of ammonium chloride, and then extracted with ethyl acetate The extract wa^ 
washed wrth water, and then concentrated under reduced pressure. The residue was subfeCed to a ^lur^^^f^or 
tography on a s.i.ca gel (hexane/ethyl acetate. 4:1 to 13:7) to obtain the title compound (1 56 g. yield: 50%). 

(Alternative synthetic method) 

?l7n..^f^T^"V^ Zinc (powder, 11 g, 170 mmol) and toluene (300 mL), a solution of 2.3-dihydro-7-methoxy- 
l^l^nS^'!? 'J:^"''^''^*'^''^ ^'^^'^ "^''^ ^"^ 2-bromoisobutyric acid ethyl ester (Is g, 180 mmoQ 
^2e^£Z7l^To:^T ''^'^ ""''^ '^""^ 3 ho!.rs.'^e reaction 

n^hloric ^d and hlT i'-T^" '"«°'"bles were fittered off. The filtrate was washed with 1 M 

sl^lri T T I ' '"agnesium sulfate, and then the solvent was distilled off under reduced pres- 

ob ain?h! S. r '^^'""."f P"rt«ed by a column chromatography on a silica gel (hexane/ethyl acetate. 5:1) to 
Obtain the title compound (17 9. yield; 62%). . 

REFERENCE EXAMPLE 14 

3-(2,3-Dihydro-7-methoxy-2.2-dimethyl-5-benzofuranyl)-2.2-dimethylpropionic acid ethyl ester 

fntSThl^Th r '^^'"'"^ in ice. and the mixture was sLed with cooSg 

Ln^a^ I ?1 ""^"'^ '"^^ combined with a saturated aqueous solution of sodium hydrogen carbonate 
and extracted with ethyl acetate. The extract was washed with water, and concentrated under redLd pressureTe 
residue was subjected to a column chromatography on a silica gel (hexane/ethyl acetate. 9:1 ) to obtain the title com- 
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pound (1 .30 yield: 91%). 
An oil. 

1H NMR (CDCI3) 5 1 .1 7 (6H. s). 1 .24 (3H. t. J = 7.4 Hz). 1 .49 (6H, s), 2.77 {2H, s). 2.98 (2H, s), 3.83 (3H. s). 4.11 (2H. 
q, J = 7.4 Hz), 6.49 (1H. s), 6.52 (1H. s), 

5 

* REFERENCE EXAMPLE 15 

• 3-{2.3-Dihydro-7-methoxy-2.2-dimemyl-54)enzofuranyl)-2,2<llmethylpropionlcackl 

10 [0579] To a solution of 3-(2,3-dihydro-7-methoxy-2.2-dimethyl-5 -benzof uranyl)-2,2-dimethylpropionic acid ethyl ester 
(1 .25 g, 4.08 mmol) in methanol (10 mL), 2 M aqueous solution of sodium hydroxide was added, and the mixture was 
stirred'for 1*;5 frotirs; Tlieteaclion iroxtiire'was'aieidifredi^ 

The extract was washed with water, and then concentrated under reduced pressure. The residue was subjected to a 
column chromatography on a silica gel (hexane/ethyl acetate, 3:2). and then recrystallized from hexane-ethyl acetate 
'5 to obtain the title compound (0.87 g, yield: 69%). 
Melting point: 88-89 ^'C 

IN NMR (CDCI3) 5 1.21 {6H, s), 1.50 (6H, s), 2.81 (2H, s). 2.99 (2H. s), 3.82 (3H, s), 6.55 (2H, s). 
REFERENCE EXAMPLE 16 

20 

N-[2-(2,3-dihydro-7-methoxy-2,2-dimethyl-5-benzofuranyl)-1 , 1 -dimethyIethyl]-N*-phenylurea 

[0580] To a solution of 3-{2,3-dihydro-7-methoxy-2,2-dimethyl-5-benzofuranyl)-2,2-dimethylpropionic acid (0,80 g, 

2.87 mmol) and diphenylphosphoryl azide (0.650 mL, 3.01 mmol) in toluene (6 mL), triethylamine (0.421 mL, 3.01 
25 mmol) wias added, and the mixture was stin-ed at 70 *»C for 1 hour. The reaction mixture was allowed to cool to room 

temperature. Aniline (0.275 mL, 3.01 mmol) was added to the mixture and the mixture was stirred at 80 *'C for 1 hour. 

The reaction mixture was diluted with ethyl acetate, washed with water followed by 1 M hydrochloric acid and water. 

and then concentrated under reduced pressure. The residue was subjected to a column chromatography on a silica 

gel (hexane/ethyl acetate, 7:3) to obtain the title compound (0.69 g, yield: 65%), 
30 Amorphous. 

NMR (CDCI3) 6 1.34 (6H. s). 1.48 (6H, s). 2.96 (4H, s). 3.73 (3H. s), 4.64 (1H. brs), 6,28 (1H, br s), 6,55 (2H, s). 
7.04 (1H, t, J = 7.0 Hz), 7.18-730 (4H. m). 

REFERENCE EXAMPLE 17 

35 

N-[2-(2,3-Dihydro-7-methoxy-2,2-dimethyl-5-ben2ofuranyl)-1.1-dimethylethyl]-N'-(4-methoxyphenyl)urea 

[0581] The title compound was obtained employing 4-methoxyaniline by the method similar to that in Reference 
Example 16. 
40 Yield: 88%. 
An oil. 

1 H NMR (CDCI3) 5 1 ,32 (6H, s), 1 ,49 (6H. s), 2.93 (2H. s), 2,97 {2H, s), 3.77 (3H, s). 3.78 (3H, s), 4.37 (1 H. br s), 6.01 
(1H. br s), 6.53 (2H, s), 6.80 (2H, d. J = 8.8 Hz), 7.04 (2H, d, J = 8,8 Hz), 

45 REFERENCE EXAMPLE 18 

N-[2-(2,3-Dihydro-7-methoxy-2.2-dimethyl-5-benzofuranyl)-1 .1 -dimethylethy!]-1 ijiperidinecarboxamide 

[0582] The title compound was obtained employing piperidine by the method similar to that in Reference Example 1 6. 
50 Melting Point: 1 33-1 34 *C (ethyl acetate-hexane), 

NMR (CDCI3) 6 1.34 (6H, s), 1.48-1.60 (6H. m), 1,50 (6H. s), 2.93 (2H. s), 2.99 (2H, s). 3.21-3.28 (4H. m). 3.83 
(3H, s). 4.11 (1H, brs). 6.53 (1H. s), 6.55 (1H. s). 

REFERENCE EXAMPLE 19 

55 

Cydohexyltrlphenylphosphonium bromide 

[0583] A mixture of cyclohexyl bromide (1 0.0 g. 61 .3 mmoO and triphenylphosphine (1 6.1 g. 61 .3 mmol) was stirred 
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at 140-150 -C for 72 hours. The reaction solution was cooled, and then crystallized from ethyl acetate to obtain the 
title compound (19.1 g. yield: 73%). This was used in the next reaction without further purification. 



REFERENCE EXAMPLE 20 



^ 5-(C^c|phexylidenemethyl)-2.3-<fihydro-7-methoxy-2,2-dirnethylben20fufan 

[0584] A suspension of cyclohexyltriphenylphosphonium bromide (7.42 g, 174 mmol) in tetrahydrofuran (70 mL) 
was cooled at -78 -C. to this, a 1 .53 M solution of n-butyllithium in hexane (11 .4 mL, 1 7.4 mmol) was added dropwtee 

^"1 .T'f ? TJ""^ ^ 2.3^ihydro-7-methoxy-2,2^imethyl-5-ben2ofuran: 

carboxaldehyde (3.00 g. 14.5 mmol) was added, and the mixture was allowed to stir with cooling in ice further for 1 
ho«.^'The-reaGt.oi^soirtiow>was.con*>ined'With>wateF,an*^^ 

water, and then concentrated under reduced pressure. The residue was subjected to a column chromatography on a 
siOca gel (hexane/ethyl acetate. 1 9.1 ) to obtain the title compound (0.87 g yield- 22%) » » 

»* An oil. ' 



REFERENCE EXAMPLE 21 
3-Formyl-a,a-dimethylbenzeneacetic acid ethyl ester 

J° V!'"l.'°",J'i f-'"«t''y"'enzeneacetic acid ethyl ester (10.0 g. 56.1 mmol) in N.N-dimethylfom.amide (80 
mL). sodium hydnde (66% suspension in oil) (4.29 g. 118 mmol) was added with cooling in ice. and the mixture was 
strred at room teniperaturo for 3 hours. A solution of iodomethane (7.34 mL. 118 mmol) in N.N-dimethylfomiamide 
(20 mL) was added dropwise with cooling in ice, and the mixture was stirred at room temperature for 3 5 hours Ice 
water was poured into the reaction mixture, and the mixture was extracted twice with ethyl acetate. The combined 
organic ayer was washed with a dilute aqueous solution of sodium chloride twice, and brine, dried over magnesium 
sulfate, filtered, and concentrated under reduced pressure to obtain the mixture (13.3 g) containing a a S-trimethvl- 
benzeneacetic acid ethyl ester as an oil u«ining a.a.j inmeinyi 

S H?wnT '^'^f^'^ N-bromosuccinimide (10.5 g, 58.9 mmol) and 2.2-a2obis(iso- 

butyronitnle) (92 mg, 0.561 mmol) were added to the mixture and the mixture was stirred at 60 -C for 9 hours Ice water 
was poured into ttie reaction mixture, and the mixture was washed with brine, dried over magnesium sulfate, filtered 
and concentrated under reduced pressure. The residue was subjected to a column chromatography on a silica gel 
(hexane/ethyl acetete 50:1 followed by 10:1) to obtain the mixture (15.6 g) containing 3.(bmmomethyl).a.a-dimethv^- 
oenzeneacetic acid ethyl ester as an oil , / / > / 

f°^^^H. "^^^"^^"^ ^""^"^ <^ '"^^ ^"'^ (35 mL). Hexamethylenetetramine (15.7 g, 112 mmol) 

was added to the mixture and the mixture was heated under reflux at 90 -C for 1 hour. Ethyl acetate was poured into 
ttie reaction mixture, and the mixture was washed with water, a saturated aqueous solution of sodium hydrogen car- 
bonate and bnne dried over magnesium sulfate, filtered, and concentrated under reduced pressure. The residue was 
subjected to a column chromatography on a silica gel (hexane/ethyl acetate, 50:1 followed by 30:1) to obtain the title 
compound (5,84 g, yield: 47%). 
An oil. 

-5 m^aSa^^^^^^^ ^^""^ ' ^ ""'^^ ''^ ^-'^ ' = ^-^-^-^^ m). 7.74-7.89 (2H. 

REFERENCE EXAMPLE 22 
3-Cyano-a.a-dimethyIbenzeneacetic acid ethyl ester 

50 ' 

10588] 3-Formyl-a.a-dimethylbenzeneacetic acid ethyl ester (5.49 g. 24.9 mmoO was dissoh^ed in ethanol (30 mL) 
Hydroxylamme hydrochloride (3.46 g. 49.9 mmol) and sodium acetate (4.09 g. 49.9 mmol) were added to the mixture 
and the mixture was heated under reflux for 40 hours. Ethanol was distilled off under reduced pressure ethyl acetate 
was poured into the residue, and the mixture was washed with water and brine, dried over sodium sulfate filtered and 
concentrated under reduced pressure. The residue was dissoh/ed in acetic anhydride (30 mL), and stirred at 130 
tor 1 5 hours. 5 M aqueous solution of sodium hydroxide was poured into the reaction mixture, and the mixture was 
extracted with ethyl acetate. The organic layer was washed with a saturated aqueous solution of sodium hydrogen 
cartwnate. water, and brine, dried over magnesium sulfate, filtered, and concentrated under reduced pressure The 
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residue was subjected to a column chromatography on a silica gel (hexane/ethyl acetate, 40:1 followed by 20:1) to 
obtain the title compound (4.21 g, yield: 78%). 
An oil. 

1H NMR (CDCI3) 5 1,19 {3H. t, J= 7.1 Hz). 1.59 {6H. s). 4.13 (2H. q. J = 7.1 Hz). 7.39-7.65 (4H. m). 

REFeRfNCE EXAMPLE 23 

' 4-Hydroxy-3-(2-methyl-2-propenyl)benzaldehyde 

[05891 The title compound was obtained from p-hydroxybenzaldehyde by the method similar to that in Reference 
Example 1. Yield: 59%. 

NMR (CDCI3) 5 1.75 (3H, s). 3.45 (2H, s). 4.89 (1H, s), 4.98 (1H. s). 6.19 (1H. brs), 6.96 (IH. d. J = 8.1 Hz), 7.70 
(1H, d. J = 8.1 Hz), 7.74 (1H. s), 9.86 (1H, s). 

REFERENCE EXAMPLE 24 

2,3-Djhydro-2,2-dimethyl-5-benzofurancarboxaldehyde 

[05901 To a solution of 4-hydroxy-3-(2-methyl-2-propenyObenzaldehyde (8.62 g, 4.84 mmol) in toluene (40 mL), boron 
trifluoride diethyl ether complex (6.74 mL, 53.2 mmol) was added, and the mixture was stirred at 110 **C for 1 hour. 
The reaction mixture was washed with water, a saturated aqueous solution of sodium hydrogen carbonate, and brine, 
dried over magnesium sulfate, filtered, and concentrated under reduced pressure. The residue was subjected to a 
column chromatography on a silica gel (hexane/ethyl acetate, 20:1 followed by 1 0:1 ) to obtain the title compound (6.41 
g, yield: 75%). 
An oil. 

NMR (CDCI3) 5 1.51 (6H, s), 3.06 (2H, s), 6.82 (1H, d, J = 8.4 Hz), 7.64-7.71 (2H. m), 9.82 (1H, s). 
REFERENCE EXAMPLE 25 

7-Bromo-2.3-dihydro-2,2-dimethyl-5-benzofurarx:aiboxaldehyde 

[0591] To a solution of 2,3-dihydro-2,2-dimethyl-5-benzofurancarboxaldehyde (5.90 g, 33.5 mmol) In acetic acid (20 
mL), a solution of bromine (2.07 mL, 40.2 mmol) in acetic acid (5 mL) was added, and the mixture was stirred at room 
temperature for 5 hours. An aqueous solution of sodium thiosulfate was poured into the reaction mixture, and the 
mixture was extracted twice with ethyl acetate. The combined organic layer was washed with bhne, dried over mag- 
nesium sulfate, filtered, and concentrated under reduced pressure. The residue was subjected to a column chroma- 
tography on a silica gel (hexane/ethyl acetate, 10:1) to obtain the title compound (8.08 g, yield: 94%). 
An oil. 

1H NMR (CDCI3) 8 1,67 (6H, s), 3.16 (2H. s), 7,63 (1H. d. J = 1,6 Hz). 7.83 (1 H. d, J = 1.8 Hz), 9.77 (1 H, s). 
REFERENCE EXAMPLE 26 

7-Bromo-2,3-dihydro-2,2-dimethyl-5-(2-methyI-1-propenyl)benzofuran 

[0592] The title compound was obtained from 5-bromo-2,3-dihydro-2,2-dimethyl-5-benzofurancarboxaldehyde by 
the method similar to that in Reference Example 5. Yield: 81%. 

1H NMR {CDCI3) 6 1.52 (6H. s), 1 .83 (3H. d. J = 1.1 Hz), 1.86 {3H, d, J = 1 .1 Hz), 3.07 (2H, s), 6,12 (1H, s). 6.91 (1H, 
s).7.13(1H,s). 

REFERENCE EXAMPLE 27 

7-Ethylthlo-2,3-dihydro-2,2-dimethyl-5-(2-methyl-1-propenyl)benzofuran 

[0593] To a solution of 1.54 M solution of tert-butyllithium/pentane (3.45 mL, 5.34 mmol) in tetrahydrofuran (1 mL), 
a solution of N.N,N',NMetramethylethylenediamine (0.81 mL, 5.34 mmol) and 7-bromo-2,3-dihydro-2.2-dimethyl- 
5-(2-methyM-propenyl)benzofuran (300 mg, 1 .07 mmol) in tetrahydrofuran (1 mL) was added, and the mixture was 
stirred at -78 **C for 30 minutes. A solution of diethyl disulfide (1 .32 mL. 10.7 mmol) in tetrahydrofuran was added to 



96 



EP 1 270 577 A1 



the mixture and the mixture was wamied gradually from -78 'C to room temperature, and then stirred for 15 hours 
Water was poured into the reaction mixture, and the mixture was extracted twice with ethyl acetate The combined 
organic layer was washed with brine, dried overmagneslum sulfate, filtered, and concentrated under reduced pressure 
The residue was subjected to a column chromatography on a silica gel (hexane followed by hexane/ethyl acetate 50- 
> 1) to obtain the title compourid (264 mg. yield: 94%). 

\An6it. , 
• « H°«H*nlf f j^^^^ '■ ' = ' '° ' ^ ' <3H. s). 2.90 (2H. q. J = 7.3 Hz). 6.15 (1H. 



s). 6.89 (IH.s). 7.00 (1H.S) 
»0 REFERENCE EXAMPLE 28 

2;3>-Bihydro-2{2}7-trimethylbenzof«ran'« 



[0594] To a solution of o-cresol (19.1 mL. 184mmol) in N.N-dimethylformamide (100 mL). 3-chloro-2-methyl-1-pro- 
^?^*f ■ o""-" """"'^ ^"'^ potassium carbonate (30.5 g, 221 mmol) were added, and the mixture was stirred at 
80 C for3 hours. Ice water was poured into the reaction mixture, and the mixture was extracted twice with ethvl 
acetate. The combined organic layer was washed with water (twice) and brine, dried over magnesium sulfate filtered 

fn=<.« ^l""^®' P'^^^"'^ '° 1-^«"iy^2<(2-methyl-2-piopenyl)oxy]benzene (30.8g) as an oil' 

(05951 Tl,is was dissolved in N.N-diethylaniline (27 mL), and stirred at 21 0 'C for 5 hours under nitrogen atmosphere 
Ethyl acetate was poured into the reaction mixture, and the mixture was washed with 1 M hydrochloric acid 2 M 
hydrochlonc acid and brine, dried over magnesium sulfate, filtered, and concentrated under reduced pressure to obtain 
2-methyl-6-(2-methyl-2-propenyl)phenol (34.3 g) as an oil. 

[0596] 1 .20 g of this material was dissolved in ethanol (6 mL). cone. Hydrochloric add (1 .5 mL) was added to the 
mixture and the mixture was heated under reflux for 2 hours. Ethanol was distilled off under reduced pressure ethyl 
acetate was poured Into the residue, and the mixturs was washed with water and brine, dried over magnesium sulfate 
filtered, and concentrated under reduced pressure. The residue was subjected to a column chromatography on a silled 
gel (hexane) to obtain the title compound (710 mg. yield; 59%). 
An oil. 

NMR (CDCy 5 1.47 (6H. s). 2.19 (3H. s). 3.00 (2H. s). 6.69-6.76 (1H, m). 6.91-6.98 (2H. m). 
REFERENCE EXAMPLE 29 

2.3-Dihydro-2,2,7-trimethyl-S-ben2ofurancarboxaldehyde 

[05971 To a solution of phosphorus oxychloride (0.78 mL. 8.38 mmol) in N.N-dimethylforniamide (0.71 mL 9 22 
"Ti ^ ^ T"" 2,3-dihydro-2,2,7-trimelhylbenzofuran (680 mg, 4.1 9 mmol) in N.N-dimethylfofmamide (2 ml!) was 
added, and the mixture was stirred at 80 X for 15 hours. Ice water was poured into the reaction mixture, and the 
mature was neutralized with 5 M aqueous solution of sodium hydroxide, and extracted twice with ethyl acetate The 
combined organs layer was washed with water (twice) and brine, dried over magnesium sulfate, filtered, and concen- 

l?T,""^n7r^I^ i^u^"'®- "^"^ subjected to a column chromatography on a silica gel (hexane/ethyl 

acetate. 30:1 followed by 10:1) to obtain the title compound (640 mg. yield- 80%) 
An oil. 

1H NMR (CDQa) 5 1 .51 {6H. s), 2.23 (3H, s), 3.05 (2H. s). 7.50 (1 H, d, J = 0.8 Hz), 7.53 (1 H. d. J = 0.8 H2). 9.78 (IH.s), 
« REFERENCE EXAMPLE 30 

2,3-Dihydro-2,2.7.trimethyl-5-(2-methyl-1-propenyl)ben2ofuran 

10598] Thetitlecompoundwasobtainedfrom2,3-dihydro-2.^ 
od similar to that in Reference Example 5. Yield: 93% . 
An oil. 

1H NMR (CDCI3) 5 1,47 (6H, s). 1.85 (6H. s). 2.17 (3H. s). 2.99 (2H, s), 6.16 (1H. s), 6.80 (IH, s). 6.85(1H, s). 
REFERENCE EXAMPLE 31 

>5 

4<:yc>ohexylbenzaldehyde 

[0599] To a mixture of phenylcyclohexane (24.9 g. 155 mmol) and aluminum chloride (20.9 g. 157mmoi)innitrometh. 
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ane (200 mL), a solution of dichloromethylmethyl ether (1 8.0 g. 1 57 mmol) in nitromethane (50 mL) was added dropwise 
at 0 over 40 minutes, and the mixture was stirred at 0 '^C for 40 minutes. The reaction mixture was poured into ice 
water, and the organic materia! was extracted with diethyl ether. The extract was washed with brine, dried over mag- 
nesium sulfate, and then the solvent was distilled off under reduced pressure to obtain the mixture (27.8 g) containing 
the title compound. This was used in the next reaction without further purification. 
AnolK 

' REFERENCE EXAMPLE 32 
4-Cyclohexylbenzonitrile 

[060a^ ^solution'X)f 4-cyclohexylben2aWehyde' tt^.4^^ 

mmol) in fomnic acid (200 mL) was heated under reflux for 2 hours. The reaction solution was cooled to room temper- 
ature, and then poured into ice water, and the solution was basified with potassium hydroxide. The organic material 
was extracted with hexane. The extract was washed with brine, dried over sodium sulfate, and then the solvent was 
distilled off under reduced pressure. The resultant residue was purified by a column chromatography on a silica gel 
(hexane/ethyl acetate, 20:1 followed by 10:1) to obtain the title compound (5.75 g, yield: 44%) 
An oil. 

NMR (CDCI3) 6 1.26-1 .52 (4H, m). 1 .74-1.89 (6H, m). 2.56 (1 H, br), 7.27-7.39 (2H. m). 7.50-7.62 (2H. m). 
REFERENCE EXAI^PLE 33 
4-Phenoxybenzaidehyde 

(0601] A suspension of 4-fluoroben2aldehyde (30.5 g, 246 mmol), phenol (23.6 g, 249 mmol), and potassium car- 
bonate (34.8 g, 252 mmol) in N.N-dimethylfonnamide (500 mL) was heated under reflux for 11 .5 hours. The reaction 
solutbn was cooled to room temperature, and then the solvent was distilled off under reduced pressure. The resultant 
residue was combined with water, and the organic material was extracted with ethyl acetate. The extract was washed 
with brine, dried over magnesium sulfate, and then the solvent was distilled off under reduced pressure to obtain the 
mixture (48.1 g) containing the title compound. This was used In the next reaction without further purification. 
An oil. 

REFERENCE EXAMPLE 34 
4-Phenoxyben2onitrile 

[0802] The title compound was obtained from 4-phenoxyben2aldehyde by the method similar to that in Reference 
Example 32. Yield: 80%. 

NMR (CDCI3) 6 6.97-719 (4H, m), 7.20-7.28 (1H, m), 7.37-7.46 (2H, m), 7.57-7,64 (2H. m). 

REFERENCE EXAMPLE 35 

4-(1 -Piperidinyl)benzonitrile 

[0603] A suspension of 4-fluoroben2onitrile (6.0 g. 50 mmol). piperidine (4.0 g, 47 mmol), and potassium carbonate 
(8.5 g, 62 mmol) in N,N-dlmethylformamide (100 mL) was stin^ed at 95 *»C for 37 hours. The reaction solution was 
cooled to room temperature, and the solvent was distilled off under reduced pressure. The resultant residue was com- 
bined with water, arid the organic material was extracted with ethyl acetate. The extract was washed with brine, dried 
over magnesium sulfate, and then the solvent was distilled off under reduced pressure. The resultant residue was 
purified by a column chromatography on a silica gel (hexane/ethyl acetate, 20:1 followed by 5:1) to obtain the title 
compound (8.3 g, yield: 90%). 

1H NMR (CDCI3) 6 1.66 (6H, s), 3.33 (4H, s). 6.84 (2H, d. J = 8.8 Hz), 7.46 (2H. d, J = 8.8 H2). 

REFERENCE EXAMPLE 36 

3,5-Bis(1 .1 -dimethylethyO-4-hydroxyben2onitrile 

[0604] The title compound was obtained from 3,5-bis( 1 , 1 -dimethylethyl)-4-hydroxybenzaldehyde by the method sim- 



98 



EP 1 270 577 A1 



\ 



ilar to that in Reference Example 32. Yield: 45%. 

NMR (CDCI3) 5 1.44 (18H. s). 5.74 (IH, s), 7.47 {2H. s). 

REFERENCE EXAMPLE 37 
4-Melfiyl-2-phenyl-1H-imida2ole-5-carbonitrile 
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[0605] yheWlecompoundwasobtainedfrom4-methy|.2.phenyMHHmida2o^^^^ 
liar to that in Reference Example 32. Yield: 54%. 

1H NMR (DMSO-de) 5 2.41 {3H, s). 3,19 (IH. s). 7.42-7.54 (3H. m). 7.92 (2H. dd. J = 7.8, 1 .4 Hz). 
ReFeR€Ne&&XAMPfeE-38"r 

4-( 1 -Methylethoxy)ben2onitrile 

[06061 A solution of 2-prDpanol (4.4 g. 73 mmol) and sodium hydride (60% in oil, 2.9 g, 73 mmol) in N.N-dimethyl- 
fomiamide (100 mL) was stirred at 0 «C for 10 minutes. A solution of 4.fluoroben2onitrile (7.1 g. 59 mmol) in N N- 
dimethylfomiamide (25 mL) was addedto the reaction mixture at 0 ^C, and stirred at the same temperature for 3 hours 
and at room temperature further for 15,5 hours. The reaction solution was poured into water, and extracted with ethyl 
acetate^ The extract was washed with brine, dried over magnesium sulfate, and then the solvent was distilled off under 
reduced pressure. The resultant residue was crystallized from hexane to obtain the title compound (7 4 q yield 85%^ 
IH NMR (CDCI3) 6 1.36 (6H, d. J = 6.2 Hz), 4.52-4.64 (IH, m), 6.91 (2H. d, J = 8.6 Hz). 7.57 (2H. d/j f's 6 Sz' 

REFERENCE EXAMPLE 39 
4-Cyanobenzyl acetate 



0 - ^ IT^ TTrT f ^^^"^^"^y'bromide (12.6 g, 64 rimol)) and sodium acetate (10.6 g. 129 mmol) in N.N^iimeth- 

30 "^L) ^^'^^d 80 for 25 hours. The solvent was distilled off under reduced pressure the 

resultant r^idue was combined with water, and the organic material was extracted with ethyl acetate. The extract was 
washied with bnne. dned over magnesium sulfate, and then the solvent was distilled off under reduced pressure The 
resultant residue was purified by a column chromatography on a silica gel (hexane/ethyl acetate. 20:1 followed by 2- 
1 ) to obtain the title compound (8.9 g. yield; 80%). ' 
^H NMR (CDCI3) 5 2,14 (3H. s). 5.16 (2H. s). 7.47 (2H. d. J = 8.4 Hz). 7.68 (2H. d. J = 8.4 Hz). 
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REFERENCE EXAMPLE 40 
4-[2-(4-Methoxyphenyl)ethoxy]benzonitrile 



. The title compound was obtained from 4-methoxyphenethyl alcohol and 4-fluoroben2onitrile by the method 
similar to that in Reference Example 38. Yield 93% 

y TPJT?^"^ ^ ^""^ ^ = ^'^ t^^^ ^ <2H. t. J = 7.0 Hz). 6.87 (2H. t. J = 8.7 Hz). 6.93 (2H d 

J = 9.0 Hz). 7,1 9 (2H, d. J = 8.7 Hz). 7.57 (2H. d. J = 9.0 Hz). ^ 

« REFERENCE EXAMPLE 41 

2,3-Dihydro-7-methoxy-5-benzofurancarbonitrile 

[0609] The title compound was obtained from 7.methoxy-2.3^ihydro-5-benzofurancarboxaldehyde by the method 
similar to that in Reference Example 32. Yield 77%. 

^H NMR (CDCI3) 5 3.28 (2H. t. J = 8.8 Hz). 3.89 (3H. s). 4.73 (2H. t, J = 8,8 Hz). 7.00 (IH. s). 7.16 (IH. s). 
REFERENCE EXAMPLE 42 

4-[(1 .3-Dihydro-1 .3-dioxo-2H-isoindoI-2-yl)methyObenzonitrile 

[0610] A mixture of 4^anobenzylbromide (4.0 g. 20 mmol) and potassium phthalimide (3.8 g. 21 mmol) in N N- 
dimethylfonnamide (40 mL) was stirred at room temperature for 20 hours. The reaction solution was concentrated 
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under reduced pressure, the resultant residue was combined with water, and the organic material was extracted with 
ethyl acetate. The extract was washed with brine, dried over magnesium sulfate, and then the solvent was distilled off 
under reduced pressure to obtain the mixture (4.6 g) containing the title compound. This was used in the next reaction 
without further purification. 

REFERENCE EXAMPLE 43 

4-(Aminomethyl)benzonitrile 

[061 1 ] A solution of 4-[(1 ,3-dihydro-1 ,3-dioxo-2H-iscindol-2-yl)methyl]benzonitrile (4.6 g, 1 8 mmol) and hydrazine 
monohydrate (8.9 g, 180 mmol) in ethanol (90 mL) was heated under reflux for 33 hours. The reaction solution was 
cootedtto^^fOomteinperatfjie^and^conGemratedHmdefTec^^ 

with potassium hydroxide, and then extracted with diethyl ether. The extract was washed with brine, dried over mag- 
nesium sulfate, and then the solvent was distilled off under reduced pressure to obtain the title compound (1 .9 g, yield: 
81%). 
An oil. 

NMR (CDCI3) 5 3.96 (2H, s), 7,45 (2H. d, J = 8.0 Hz). 7,63 (2H, d, J = 8.0 Hz). 
REFERENCE EXAMPLE 44 
N-[(4-cyanophenyl]methyl]methanesulfonamide 

[06121 To a solution of 4-(aminomethyl)benzonitrile (1 .9 g, 1 4 mmol) and triethylamlne (3.0 mL, 22 mmol) in tetrahy- 
drofuran (30 mL), methanesulfonyl chloride (1 .1 mL, 1 4 mmol) was added dropwise at 0 <»C. The reaction solution was 
stin-ed at room temperature for 9 hours. The reaction solution was poured into water, and the organic material was 
extracted with ethyl acetate. The extract was washed with brine, dried over magnesium sulfate, and then the solvent 
was distilled under reduced pressure to obtain crude crystals. The resultant crude crystals were washed with hexane- 
diethylether to obtain the title compound (2,0 g, yield: 66%). 

1H NMR (CDCI3) 5 2.94 (3H. s), 4.40 (2H. d, J = 6.6 Hz). 5.01 (1 H. br), 7.50 (2H. d, J = 8.6 Hz). 7.67 (2H. d, J = 8.6 Hz). 

REFERENCE EXAMPLE 45 

6-Methoxy-3-pyridinecafbonltrile 

[0613] A solution of sodium methoxide (2.42 g, 44.8 mmol) and 6-chloronicotinonitrile (3,04 g, 21 .9 mmol) in N,N- 
dimethylformamide (50 mL) was stin-ed at room tenperature for 1 0 hours. The reaction solution was poured into water, 
and the organfc material was extracted with ethyl acetate. The extract was washed with brine, dried over magnesium 
sulfate, and then the solvent was distilled off under reduced pressure. The resultant residue was purified by a column 
chromatography on a silica gel (hexane/ethyl acetate, 2:1) to obtain the title compound (2.28 g. yield* 78%) 
1H NMR (CDCI3) 6 4.00 (3H, s), 6.83 (1H. dd. J = 8.8. 0.8 Hz), 778 (1H, dd. J = 8.6. 2.4 Hz), 8.50 (1H, d. J = 1 .4 Hz). 

REFERENCE EXAMPLE 46 

3- (1 -Methyfethoxy)benzonitrile 

[0614] The title compound was objected from 2-propanol and 3-fluorobenzonitrile by the method similar to that in 
Reference Example 38. Yield; 78%. 

NMR (CDCI3) 5 1.35 (6H. d. J = 6.0 Hz). 4.51-4.63 (1H, m), 7.07-7.13 (2H, m). 7.21 (1H. dt. J = 7.6. 1 .2 Hz). 7 36 
(1H,td, J = 7.6. 1.4 Hz). 

REFERENCE EXAMPLE 47 

4- Pyridinecarboxamide 1 -oxide 

[0615] A solution of isonicotinamide (52 g, 430 mmol) and a 30% aqueous solution of hydrogen peroxide (65 mL, 
570 mmol) in acetic acid (1 70 mL) was stirred at 80 -C for 12 hours. The reaction solution was cooled to room tem- 
perature, precipitated crystals were recovered by filtration, and washed with water and hexane to obtain the title com- 
pound (30 g. yield: 50%). 
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1H NMR (DMSOKie) « 7.66 (1H. br). 7.82-7,87 (2H. m). 8.17 (1H. br), 8.26-8.33 (2H. m), 
REFERENCE EXAMPLE 48 
4-Methylquinof ine 1 -oxide 

"■ ^^^y!J&75%^ "^^""^ "^^^"^ 4-methylquinoline by the method similar to that in Reference Example 

ReFERENGEEXAMPt&49- 

3- Methylquinoline 1 -oxide 

47^ \tIw?i%"^ compound was obtained from 3-methylquinoline by the method simflar to that in Reference Example 
1H NMR (CDCy 5 2.46 (3H. s), 7.53-7.81 (4H. m). 8.43 (1H. S). 8.69 (1H, d. J = 8.8 Hz). 
REFERENCE EXAMPLE 50 
7-Methylquinoline 1 -oxide 

5?^x^' ,7^^ !™® °°'"P°""'' f^"' 7-methylquinoline by the method simUar to that in Reference Example 

47, Yield: 46%. ^ 

1H tMMR (CDCy 52.61 (3H. s). 7.20-7.27 (1H. m). 7.46-7.51 (1H, m). 7.69-7.79 (2H. m). 8.50-8.56 (2H. m). 
REFERENCE EXAMPLE 51 

4- Pyridinecarboxylic add ethyl ester 1 -oxide 

£mU 47^rSd"80% "^^'"^ isonicotinic acid ethyl ester by the method similar to that in Reference 

1H NMR (CDCI3) S 1 .39 (3H, t. J = 7.0 Hz). 4.42 (2H, q, J = 7.0 Hz), 7.92-7.97 (2H. m). 8.33-8.39 {2H, m). 
REFERENCE EXAMPLE 52 

6- Methylquinoline 1 -oxide 

S^^^Sild-^Al'"^ compound was obtained from 6-methylquinoline by the method similar to that in Reference Example 
'H NMR (CDCI3) 6 2.55 (3H, s). 7.22-7.29 (1 H, m), 7.56-7.68 (3H, m), 8.47 (1 H. d. J = 6.0 Hz). 8.64 (1H, d. J = 8.8 Hz). 
REFERENCE EXAMPLE 53 

7- Methoxy-2-benzofurancarboxylic acid 

A so'"tion oi o-vanillln (51 g. 340 mmol), bromomalonic acid diethyl ester (73 g. 310mmol). and potassium 
cartsonate (82 g, 590 mmol) in 2-butanone (200 mL) was heated under reflux for 3.5 houts. The reaction solution was 
cooled to room temperature, and then the soh^ent was distilled off under reduced pressure. The resultant residue was 
combined with water, and the organic material was extracted with diethyl ether. The extract was washed with brine 
dned over magnesium sulfate, and then the solvent was distilled off under reduced pressure. The solution of the re- 
sultant residue and potassium hydroxide (43 g. 740 mmol) in ethanol (400 mL) was heated under reflux for 1 hour The 
reaction solution was cooled to room temperature, poured into water, and then acidified by the addition of 6 M hydro- 
chlonc acid. The organic material was extracted with ethyl acetate, the extract was washed with brine dried over 

magnesiumsulfate.and then the solvent was distilled off underreduced pressure. -nieresultantresidue was crystaUized 
rrom diisopropyl ether to obtain the title compound (26 g. yield- 45%) 

'H NMR (DMSO-de) 8 3.97 (3H. s). 5.71 (1H, s). 7.09 (1H. dd. J = 7.4. 1 .5 Hz). 7.27 (1H. t. J = 7.8 Hz). 7.33 (1H, dd. 
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J = 7.8, 1.5 H2).7.65(1H.s). 
REFERENCE EXAMPLE 64 
7-Methoxyben2ofuran 

[0622] / A suspension of 7-methoxy-2-benzofurancart)oxylic acid (23 g, 120 mmol) and copper (powder. 5,8 g. 92 
' mmol) in quinoline (70 mL) was heated under reflux for 1 2 hours. The reaction solution was cooled to room temperature. 
The tnsolubles were filtered off, filtrate was poured into water, and acidified by the addition of 2 M hydrochloric acid. 
The organic material was extracted with ethyl acetate, the extract was washed with brine, dried overmagnesium sulfate, 
and then the solvent was distilled off under reduced pressure. The resultant residue was purified by a column chro- 
mategraphy^on^a^silica^gel- (hexane/ethyt acetate,^ 10:1|'^t^^ 

iH NMR (CDCI3) 64.02 {3H. s), 6.77 (1H, d. J = 2^ Hz), 6.81 (1H. dd, J = 6.8, 2.2 Hz). 7.12-7.22 (Zh] m) 7 63 (1H 
d, J = 2.2 Hz). 

REFERENCE EXAMPLE 55 

2,3-Dlhydro-7-methoxybenzofuran 

[0623] To a solution of 7-methoxybenzofuran (8.0 g. 54 mmol) in acetic acid (55 mL). 10% palladium on carbon (3.9 
g, 49% hydrate) was added, and the mixture was stirred at room temperature for 8 houre under hydrogen atmosphere. 
The reaction solution was filtered to remove the catalyst, and then the filtrate was concentrated under reduced pressure. 
The resultant residue was neutralized by the addition of 8 M aqueous solution of sodium hydroxide, and the organic 
material was extracted with diethyl ether. The extract was washed with brine, dried over magnesium sulfate, and then 
the solvent was distilled off under reduced pressure to obtain the title compound (7.2 g. yield: 90%). 
An oil. 

1H NMR (CDCI3) 83.17 (2H, t. J = 8.6 Hz). 3.82 (3H. s), 4.66 (2H, t. J = 8.6 Hz), 6.65-6.72 (1H, m), 6.72-6.78 (2H, m). 
REFERENCE EXAMPLE 66 

2,3-Dihydro-7-methoxy-5-benzofurancart3oxaldehyde 

[0624] To N,N-dimethylfomiamide (8.0 mL), phosphorus oxychloride (8.0 mL, 86 mmol) was added dropwise at 0 
'C. A solution of 2,3-dihydro-7-methoxybenzofuran (6.7 g, 44 mmol) in N.N-dimethylformamide (26 mL) was added to 
the reaction mixture and the mixture was stirred at 80 X for 1 hour. The reaction solution was cooled to room temper- 
ature, and then poured into water. The solution was basif led by the addition of 8 M aqueous solution of sodium hydrox- 
ide, and then extracted with diethyl ether. The extract was washed with brine, dried over magnesium sulfate, and then 
the solvent was distilled off under reduced pressure. The resultant residue was purified by a column chromatography 
on a silica gel (hexane/ethyl acetate, 10:1 followed by 5:2) to obtain the title compound (3.5 g, yield: 44%) 
^H NM R (CDCI3) 6 3.32 (2H, t. J = 8.8 Hz), 3.94 {3H, s), 4.77 (2H. t. J = 8.8 Hz). 7.32 (1 H. d, J = 1 .2 Hz). 7,38 (1 H. d, J = 
1.2Hz).9.82(1H,s). \ . . 

REFERENCE EXAMPLE 57 

2,3-Dihydro-7-methoxy-5-(2Hnethyl-1-propenyl)benzofuran 

[0625] To a suspension of 2.3-dihydro-7-methoxy-5-benzofurancarboxaIdehyde (3.5 g, 20 mmol) and isopropylt- 
riphenylphosphonium Iodide (10 g, 24 mmol) in tetrahydrofuran (60 mL), sodium hydride (60% in oil. 1 .1 g, 28 mmol) 
was added at 0 *»C, and the mixture was heated under reflux for 2.5 hours. The reaction solution was cooled to room 
temperature, and poured into water The organic material was extracted with ethyl acetate, the extract was washed 
with brine, dried over magnesium sulfate, and then the solvent was distilled off under reduced pressure. The resultant 
residue was purified by acolumn chromatography on asilica gel (hexane/ethyl acetate, 50:1 followed by 1 0:1 ) to obtain 
the title compound (2.0 g, yield: 50%). • • 

An oil. 

1H NMR (CDCI3) S 1 .86-1 .88 (6H. m). 3.22 (2H, t, J = 8.6 Hz). 3.86 (3H. s), 4.62 (2H. t. J = 8.6 Hz), 6.20 (1H. br s), 
6.61 (1H,s), 6.71 (1H.S). /. v . ;i 
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REFERENCE EXAMPLE 58 

3-Iodo-5-metho)cy-4-((2-methyl-2-propenyl)oxyJben2aldehyde 

[0626] A suspension of 5-iodovanillin (20 g, 72 mmol). 3-chloro-2-fnethyl-1 -propene (1 3 g, 1 40 mmol). andpotassium 
carbonate (20 g. 1 40 mmol) in N.N-dimethylfomTamide (1 00 mL) was stirred at 80 »C for 6 hours. The reaction solution 
was codled to room temperature, and then the solvent was distilled off under reduced pressure The residue was 
combined with water, and the organic material was extracted with ethyl acetate. The extract was washed with brine 
dned over magnesium sulfate, and then the solvent was distilled off under reduced pressure. The resultant residue 
was purified by a column chromatography on a silica gel (hexane/ethyl acetate. 1 0:1 followed by 5'1 ) to obtain the title 
compound (22 g, yield: 93%). 
An^oilv 

iH NMR (CDCI3) 5 1.94 (3H, s). 3,91 (3H. s). 4.54 (2H. s). 5.01 (1H, s), 5.17 (1H. s). 7.41 (1H. d J = 1 8 Hz) 7 87 
(IH.d. J = 1.8Hz),9.83(1H.s). .0 rut;. /.o/ 

REFERENCE EXAMPLE 59 

2,3-Dihydro-7-methoxy-3,3-dlmethyl-5-benzofurancarboxaldehyde 

[0627] A suspension of 3-iodo-5-methoxy-4-[(2-methyl-2-propenyl)oxy]ben2aldehyde (22 g. 66 mmol). palladium(ll) 
acetate (0,60 g, 27 mmol), potassium carbonate (9.0 g. 65 mmol). sodium fonnate (4.3 g. 63 mmol), and tetrabutylam- 
monium bromide (18 g, 55 mmol) in N.N-dimethylfomiamide (300 mL) was stin-ed at 1 00 lor 2. 5 hours The reaction 
solution was cooled to room temperature, and then the solvent was distilled off under reduced pressure The residue 
was combined with water, and the organic material was extracted with ethyl acetate. The extract was washed with 
bnne, dned over magnesium sulfate, and then the solvent was distilled off under reduced pressure The resultant 
residue was purified by a column chromatography on a silica gel (hexane/ethyl acetate, 10:1 followed by 21 ) to obtain 
the title compound (7.7 g. yield: 57%). 
An oil. 

1H NMR (CDCI3) 5 1 .40 (6H. s), 3,95 (3H, s). 4.43 (2H. s). 7.31-7.32 (2H. m). 9.84 (1H. s). 
REFERENCE EXAMPLE 60 

2,3-Dihydro-7-methoxy-3,3-dimethyl-5-(2-methyI-1-propenyl)benzofuran 

[0628] The title compound was obtained from 2.3-dihydro.7-methoxy-3.3-dimetfiyl-5-benzofurancart>oxaIdehyde 
and isopropyltnphenylphosphonium iodide by the method similar to that In Reference Example ^ Yield 59% 
An oil. 

NMR (CDCI3) 5 1 .33 (6H. s). 1.87-1 .89 (6H. m). 3.87 (3H, s), 4.29 (2H. s). 6.23 (1H. brs). 6.61 (1H. s). 6.62 (1H. s). 
<0 REFERENCE EXAMPLE 61 

2,3-Dihydro-7-methoxy-2.2-dimethyl-5-ben2ofuranmethanol 

[0629] A solution of 2.3-dihydro-7-methoxy-2.2-dimethyl-5.ben2ofurancarboxaldehyde (7.5 g. 36 mmol) and sodium 
borohydnde (0.72 g, 1 9 mmol) in methanol (60 mL) was stirred at 0 »C for 3 houre. The reaction solution was concen- 
trated under reduced pressure, and the resultant residue was connbined with water. The solution was acidified by the 
addition of 1 M hydrochloric acid, and then the organic material was extracted witii ethyl acetate. The extract was 
washed with brine, dried over magnesium sulfate, and then the solvent was distilled off under reduced pressure The 
resultant residue was purified by a column chromatography on a silica gel (hexane/ethyl acetate. 5:1 followed by 21) 
to obtain the title compound (5.8 g. yield:77%). 
An oil, 

1H NMR (CDCy 5 1.50 {6H, s), 2.20 (1H, br), 3.01 (2H, s). 3.86 (3H, s). 4.57 (2H. s). 6.76 (2H. s). 
REFERENCE EXAMPLE 62 

((2.3-Dihydro-7-methoxy-2.2^imettiyI^-ben2ofuranyl)metiiylJtriphenylphosphonium bromide 
[0630] To a solution of 2,3-dihydro-7-mettioxy-2.2KJffnetiiyl-5-benzofuranmethanoI (5.8 g, 28 mmol) in diethyl etf>er 
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(90 mL), phosphorus tribromide (0.90 mL, 9.5 mmol) was added dropwise at 0 °C. The reaction solution was stiired 
at 0 ^'C for 30 minutes, and then poured Into water. The organic layer was washed with brine, dried over magnesium 
sulfate, and then the solvent was distilled off under reduced pressure. The solution of the resultant residue (7.2 g) and 
triphenylphosphine (7.5 g. 29 mmol) in toluene (70 mL) was stirred at 80 ''C for 10 hours. The reaction solution was 
cooled to room temperature, and precipitated crystals were recovered by filtration and washed with diethyl ether to 
obtam the title compound (12 g, yield: 84%). 

^ H NMR (CDCy 5 1 .45 (6H. s). 2.83 (2H. s). 3.49 (3H. s), 5.33 (2H. d. J = 1 3.6 Hz). 6.60 (1 H. s), 6,58 (1 H. s). 7 59-7 81 

' (15H. m). 

REFERENCE EXAMPLE 63 



5^(^thyl'14)utenyl)-2;3<lihydFO-7H?iethoxy-2^2-<ljn^^ 

(0631 ] To a suspension of [(2,3-dihydro-7-methoxy-2.2-dimethyl-5-ben2ofuranyl)methyl]triphenylphosphonium bro- 
mide (5.6 g, 1 0 nnmol) in tetrahydrofuran (50 mL), potassium tert-butoxide (1 .3 g, 11 mmol) was added at 0 °C. 3-pen- 
tanone (2.2 mL, 21 mmol) was added to the reaction mixture and the mixture was heated under reflux for 20 hours. 
The reaction solution was cooled to room temperature, and then poured into water. The solution was acidified by the 
addition of 1 M hydrochloric acid, and then the organic material was extracted with ethyl acetate. The extract was 
washed with brine, dried over magnesium sulfate, and then the solvent was distilled off under reduced pressure. The 
resultant residue was purified by a column chromatography on a silica gel (hexane^ethyl acetate. 50:1 followed by 5: 
1 ) to obtain the title compound (2,4 g. yield: 87%). 
An oil. 

1H NMR (CDCI3) 5 1 ,09 (6H, td. J = 7.6. 1 .8 Hz). 1 .51 (6H. s), 2.12-2.34 (4H. m). 3.02 (2H. s). 3.85 (3H. s). 6 1 6 (1 H 
s). 6.61 (IH.s), 6.64 (IN. s). 



REFERENCE EXAMPLE 64 



2,3-Dihydro-5-benzofurancart3onltrile 



[0632] A solution of 2,3-dihydro-5-ben20furancart)oxaldehyde (5.00 g, 33.7 mmol) and hydroxylamine hydrochloride 
(3.52 g, 50.6 mmol) in fomiic acid (70 mL) was heated under reflux for 2 hours. The reaction mixture was poured into 
ice water, and neutralized with potassium hydroxide to recover precipitated crystals. The resultant crystals were dis- 
solved in ethyl acetate, dried over n^gnesium sulfate, filtered, and concentrated under reduced pressure. The residue 
was recrystallized from ethyl acetate-hexane to obtain the title compound (3.03 g, yield: 62%). 
Melting point: 69-70 **C 

1H NMR (CDCI3) 6 3.26 (2H, d, J = 8.8 Hz). 4.67 (2H, d. J = 8.8 Hz), 6.82 (1 H, dd. J = 8.8, 1 .0 Hz). 7.42-7.46 (2H. m). 
REFERENCE EXAMPLE 65 



2.3-Dihydro-7-methoxy-2,2-dimethyl-5-benzofurancarbonitrile 

[0633] A solution of 2,3-dihydro-7-methoxy-2.2-dimethyl-5-benzofurancarboxaldehyde (8.40 g. 40.7 mmol) and hy- 
droxylamine hydrochloride (4.25 g, 61 .1 mmol) in fonnic acid (1 00 mL) was heated under reflux for 3 hours. The reaction 
mixture was poured into ice water, neutralized with potassium hydroxide to recover precipitated crystals. The resultant 
crystals were dissolved in ethyl acetate, dried over magnesium sulfate, filtered, and concentrated under reduced pres- 
sure. The residue was subjected to a column chromatography on a silica gel (hexane/ethyl acetate. 5:1) to obtain the 
title compound (6.73 g, yield: 81%). 
Melting point: 73-74 ^C 

NMR (CDCI3) 5 1.54 (6H, s). 3.07 (2H. s). 3.89 (3H. s). 7.00 (1H. brs), 7.12 (1H, brs), 

REFERENCE EXAMPLE 66 



4-(Phenylthio)benzonitrile 

[0634] To a solution of 4-fluorobenzonitrile (5.00 g, 41 .3 mmol) in N.N-dimethylfomiamide (1 00 mL), thiophenol (4,55 
g. 41.3 mmol) and potassium cari3onate (5.71 g. 41 .3 mmol) were added, and the mixture was.stirred at 150 ^'C for 
2.5 days under nitrogen atmosphere. The reaction solution was cooled to room temperature, the reaction solvent was 
concentrated and distilled off under reduced pressure, and the residue was poured into water. The organic material 
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was extracted with ethyl acetate, the extract was washed with brine, dried over magnesium sulfate filtered and con- 
centrated under reduced pressure. The residue was subjected to a column chromatography on a silica gel (hexane 
followed by hexane/ethyl acetate, 20:1) to obtain the title compound (6.03 g, yield: 69%) 
An oil. 

1H NMR (CDCy 6 7.15-7.20 (2H. m). 7.42-7.55 {7H, m). 
/ REFERENCE EXAMPLE 67 
4-(1 -Methylethyl)benzonitrile 



P635] The title compound was obtained employing 4-(1-methylethyl)ben2aldehyde by the method similar to that in 
fiererence^Example-65? Yteld:'77%v 
An oil. 

iH NMR (CDCI3) 6 1 .26 (6H. d, J = 7.0 Hz). 2.89-3.03 (1H. m), 7.00 (2H. ddd, J = 8.4. 2.0. 1.6 Hz), 7.12 (2H. ddd, J = 
8.4, 2.0, 1 .6 Hz). ' ' 

REFERENCE EXAMPLE 68 

5-Methyl-2-thiophenecarbonitrile 

[06361 The title compound was obtained employing 5-methyl-2.thiophenecarboxaldehyde by the method similar to 
that in Reference Example 65. Yield: 60%. 
An oil. 

1H NMR (CDCI3) S 2.46 {3H. s). 6.95 (1H. d. J = 5.0 Hz), 7.47 (1H. d. J = 5.0 Hz). 

REFERENCE EXAMPLE 69 

4-(Trifluoromethoxy)ben2onitrile 

[06371 The title compound was obtained employing 4-(trifluoromethoxy)ben2aIdehyde by the method similar to that 
in Reference Example 65. rield: 71%. 
An oil. 

^H NMR (CDCI3) 6 7.33 (2H. d. J = 8.6 Hz), 7.76 (2H. d, J = 8.6 Hz). 
REFERENCE EXAMPLE 70 
3,5-Dichloro-4-pyridinecarboxaldehyde 

^ diisopropylamine (24.9 mL, 1 77 mmol) in tetrahydrofuran (150 mL), 1 .6 M solution of n-butyl- 

rthium/hexane (116 mL, 186 mmol) was added dmpwise at -78 »C over 20 minutes under nitrogen atmosphere and 
then a solution of 3,5-dichloropyridine (25.0 g, 169 mmol) in tetrahydrofuran (100 mL) was added dropwise over 15 
minutes, and the mixture was stin-ed further for 20 minutes. N.N-dimethylfomiamide (1 8.3 mL. 237 mmol) was added 
to the mixture, and the mixture was stirred at room temperature for 1 8 hours. The reaction solution was poured into a 
solution of cone, hydrochloric acid (60 mL) in water (400 mL). and stirred at room temperature for 24 hours. The aqueous 
layer was separated, and the organic material was extracted with diethyl ether. The extract was washed with brine 
dned over sodium sulfate, filtered, and concentrated under reduced pressure. The residue was subjected to a column 
chromatography on a silica gel (hexane/ethyl acetate. 10:1 followed by 5:1 ) to obtain the title compound (7.96 g, yield: 

NMR (CDCI3) 6 8.64 (2H, s), 10.46 (1H. s). 
REFERENCE EXAMPLE 71 
3,5-Dichloro-4-pyridinecarbonitrile 

[0^9] The title compound was obtained employing 3.5-dichloro^-pyridlnecafboxaldehyde by the method similar to 

that in Reference Example 84. Yield: 86%. 

Melting point: 114-115 *»C. 

^H NMR (CDCI3) 5 8.69 (2H. s). 
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REFERENCE EXAMPLE 72 

3- Methyl-2-thiophenecarbonitrile 

5 [0640] The title compound was obtained employing 3-methyl-2-thiophenecarboxaldehyde by the method simiJar to 

\ that ih Reference Example 65. Yield: 59%. 
NMR (CDCI3) 5 2.55 (3H, d. J = 1 .0 Hz), 6.78 (IH. dd, J = 4.0, 1.0 Hz). 7.44 (1H, d, J = 4.0 Hz). 

REFERENCE EXAMPLE 73 

10 

4- (Methytsulfinyl)benzonitrile 

[0641] To a mixture solution of 4-(melhyfthio)benzonitrile (5.00 g, 33.5 mmol) in methanol (200 mL), tetrahydrofuran 
(50 mL) and water (50 mL), sodium metaperiodate (7.89 g, 36.9 mmoO was added, and the mixture was heated under 
15 reflux for 2 hours. The reaction solution was cooled to room temperature, and then precipitated crystals were recovered 
by filtration, washed with water, and air-dried to obtain the title compound (4.39 g, yield: 79%). 
Melting point: 87-90 **C 

NMR (CDCy 5 2.81 (3H. s), 7,89 (2H, dd. J = 8.4. 2,0 Hz). 8,07 (2H. dd, J = 8.4. 2.0 Hz). 

20 REFERENCE EXAMPLE 74 
4-(Methylsulfonyl)benzonltrile 

[0642] To a solution of 4-(methylthio)benzonitrile (5.00 g, 33.5 mmol) in dichloromethane (150 mL), m-chloroperben- 
25 zoic acid (15.0 g, 73.7 mmol) was added, and the mixture was stin-ed at 0 *C for 30 minutes, and at room temperature 
further for 5 hours. The reaction solution was poured into 2 M aqueous solution of sodium hydroxide, and extracted 
with dichloromethane. The extract was washed with a mixture aqueous solution of sodium hydroxide, sodium thiosul- 
fate, and sodium iodide, and brine, dried over magnesium sulfate, filtered, and concentrated under reduced pressure. 
The residue was recrystallized from ethyl acetate-hexane to obtain the title compound (4.53 g, yield: 75%) 
30 Melting point: 142-144 ''C 

NMR (CDCI3) 5 3.10 (3H, s). 7.90 (2H, d, J = 8.8 Hz). 8.10 (2H. d, J = 8.8 Hz). 

REFERENCE EXAMPLE 75 
55 3,4,5-Trimethoxybenzonitrile 

[0643] The title compound was obtained employing 3,4.5-trimethoxybenzaldehyde by the method similar to that in 
Reference Example 65. Yield: 60%, 
Melting point: 93-94 **C 
40 1H NMR (CDCy 5 3,89 (6H. s), 3.91 {3H, s). 6.87 (2H. s). 

REFERENCE EXAMPLE 76 

2,2'-Bipyridyl 1 -oxide 

45 

[0644] To a solution of 2.2'-bipyridyl (25.0 g. 160 mmol) in chloroform (400 mL), m^ihloroperbenzoic acid (38.4 g, 
160 mmol) was added with cooling in ice, and the mixture was stirred at room temperature for 12 hours. The reactiori 
solution was washed with a 5% aqueous solution of sodium carbonate, and the aqueous layer was extracted with 
dichloromethane. The combined organic layer was washed with brine, dried over magnesium sulfate, filtered, and 
50 concentrated under reduced pressure. The residue was subjected to a basic column chromatography on a silica gel 
(hexane/ethyl acetate 1:1 followed by ethyl acetate), and the precipitated crystals were washed with diethyl ether to 
obtain the title compound (16.1 g, yield: 58%). 
Melting point: 58-60 *C 

1H NMR (CDCy 5 7.45-7.52 (3H. m), 7.89-7.98 (IH. m). 8.09-8.14 (IH, m), 8.35-8.39 (IH. m). 8.73-8.78 (2H. m). 
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REFERENCE EXAMPLE 77 

1 ^2,2'-Bipyridinl-6-yl-1 .6-dihydro-6-oxo-3-pyridinecarboxaniide 

5 [0645J To a solution of 6-chloronicotinamide (4.70 g. 30.0 mmol) and 2,2'-bipyridy) 1 -oxide (1 0 3 g 60 0 mmoh in 
* xylene (90 mL) and acetic acid (18 mL). a 25% solution of hydrogen bromide/acetic acid (12 mL) was added and the 
^ mixture was heated under reflux for 10 hours. The reaction mixture was poured into an aqueous solution of sodium 
hydroxide, and precipitated ciystals were recovered, and air-dried to obtain the title compound (3 20 q yield- 36%^ 
iHNMR(CtX33)56.60{1H.dJ=10.0H2).7.39-7.66(3H.m),7.83.8.03(3H.m).8.14-8.51(3H.m).8.68^^^^^ 
REFERENCE EXAMPLE 78 

1 -{2,2'-Bipyridin]-6-yl-1 .6-dihydro-6-oxo-3-pyridinecart)onitrile 

£0646] To a solution of N,N-dmriethylformamide (2.04 mL, 26.4 mmol) in acetonitrile (30 mL). oxalyl chloride (2 09 
mL. 24.0 mmol) was added dropwise with cooling on ice, and the mixture was stinted at the same temperature for 15 
minutes. 1 -[2.2--bipyridin]-6-yl-1 .6-dihydro-6-oxo-3-pyridinecart)oxamide (3.50 g. 1 2.0 mmol) was added to the mixture 
tnethylamme (7.36 mL. 52.8 mmol) was added dropwise to the mixture with cooling in Ice. and then the mixture was 
stirred at room temperature for 24 hours. The reaction solvent was concentrated and distilled off under reduced pres- 
sure, and the residue was poured into water. The precipitated crystals were recovered, and dissolved in chlorotomi 
This was dned over sodium sulfate, filtered, and concentrated under reduced pressure. The residue was washed with 
diethyl ether to obtain the title compound (2.06 g, yield: 63%). 

1H NMR (CDCI3) 8 6.69 (1H. d. J = 9.6 Hz). 7.51 (1H. ddd, J = 7.4. 4.8, 1.0 Hz). 7.82 (1H. dd. J = 9 6 2 2 Hz) 7 83 
(1H. d, J = 7.6 Hz). 7.99 (1H, td. J = 7.6. 1.8 Hz). 8.19 (1H. t. J = 7.6 Hz), 8.42 (1H, d. J = 7.6 Hz), 8.49 (IH d j'= 7 6 
Hz).8.74(1H.dd.J = 4.8.0.6Hz),8.97(1H,d.J = 2.2Hz). tn.a.j /.t, 

REFERENCE EXAMPLE 79 

1 .6-Dihydro-1 •(8-methyl-2-quinolinyl)-6-oxo-3-pyridinecari3onitrile 

[0647] To a solution of 6-chloronicotinamide (5.90 g. 37.7 mmol) and S-methylquinoline 1 -oxide (9.00 g 56 5 mmol) 
in xylene (90 mL) and acetic acid (18 mL). a 25% solution of hydrogen bromide/acetic acid (12 mL) was added and 
the mixture was heated under reflux for 6 hours. The reaction mixture was poured into an aqueous solution of sodium 
hydroxide, and a precipitated crystals were recovered, and air-dried to obtain 1,6-dihydro-1-(8-methyl-2-quinolinyD- 
6-oxo-3-pyridinecarboxamide (9.03 g. yield: 86%). ^ t 7/ 

[0648] To a solution of N,N-dimethylfonnamide (7.48 mL. 96.6 mmol) in acetonitrile (200 mL)! oxalyl chloride was 
then added dropwise with cooling in ice. and the mixture was stirred at the same temperature for 15 minutes 1 6-di- 
hydro-1-(8-methyl-2-quinolyl)-6-oxo-3-pyridinecarboxamide (9.00 g. 32.2 mmol) was added to the mixture, and'then 
tnethylamme (26.9 mL, 1 93 mmol) was added dropwise to the mixture with cooling in ice. and the mixture was stinted 
at room temperature for 20 hours. The reaction solvent was concentrated and distilled off under reduced pressure 
and the residue was poured into an aqueous solution of sodium hydroxide. The organic material was extracted with 
ethyl acetate and chlorofomi. washed with brine, dried over sodium sulfate, filtered, and concentrated under reduced 
pressure. The residue was subjected to a column chromatography on a basic silica gel (hexane/ethyl acetate 21) 
and precipitated crystals were washed with diethyl ether to obtain the title conpound (2 04 q yield- 25%) 
Melting point 269-271 'C 1- \ ■ ». j • /• 

1H NMR (CDCI3) 6 2.73 (3H, s), 6.70 (IH. dd, J = 9.6, 0.6 Hz), 7.62 (1 H. dd, J = 7.6. 7.0 Hz). 7.73 (IH. d. J = 7.0 Hz) 

, JI j v' " = ^-^^ -J = 7-6 Hz). 8.55 (IH. d. J = 8.8 Hz). 8.93 (IH, d," 

J = 2.6Hz). 

REFERENCE EXAMPLE 80 

1 ,6-Dihydro-1 -(4-methyl-2-pyridlnyl)-6-oxo-3-pyridinecaft>oxamide 

[0649] To a solution of 6-chloronicotinamide (6,68 g. 42.7 mmol) and 4-methylpyridine 1 -oxide {9.32 g 85 4 mmol) 
in xylene (120 mL) and acetic add (25 mL). a 25% solution of hydrogen bromide/acetic acid (15 mL) was added and 
the mixture was heated under reflux for 3 hours. The reaction mixture was poured into an aqueous solution of sodium 
hydroxide, and precipitated crystals were recovered by filtration, and air-dried to obtain the title compound (5 14 a 
yield: 56%). v 
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1H NMR (CDCI3) 5 2.42 (3H. s). 6.55 (IH. d, J = 9.4 Hz). 7.33 (IH, br s), 7.36-7.40 (1 H, m). 7.61-7.62 (1H. m). 7.86 
(IH. br s). 7.96 (IH. dd. J = 9.4. 2.6 Hz). 8.49 (IH. d. J = 2.6 Hz). 8.51 (IH. s). 

REFERENCE EXAMPLE 81 

5 

1^ 1 ,6-Dihydro-1 -(4-methyl-2-pyridinyl)-6-oxo-3i3yridinecarbonitrile 

" [0650] To a solution of N.N-dlmethylformamide (2.30 mL, 29.7 mmol) in acetonitrile (70 mL), oxalyl chloride (2.36 
mL, 27.0 mmol) was added dropwise with cooling in ice, and the mixture was stirred at the same temperature for 15 
10 minutes. 1 ,6^ihydro-1 -(4-methyl-2-pyridinyl)-6-oxo-3-pyridinecarboxamide (2.88 g, 13.5 mmoQ was added to the mix- 
ture, triethylamine (4.14 mL, 29.7 mmol) was added dropwise to the mixture with cooling In ice. and then the mixture 
was^stnTedafroom^tempefBture-fop 1^2 hourerT^ 

pressure, and the residue was poured into an aqueous solution of sodium hydroxide. The organic material was extracted 
with ethyl acetate, washed with brine, dried over sodium sulfate, filtered, and concentrated under reduced pressure. 
The residue was subjected to a column chromatography on a basic silica gel (hexane/ethyl acetate, 2:1 followed by 
1:1); and precipitated crystals were washed with diethyl ether to obtain the title compound (2,02 g. yield: 71%). 
Melting point: 166-168 *C 

^H NMR (CDCI3) 6 2.47 (3H, s), 6.68 (1H, dd. J = 9.4, 0.8 Hz), 7.20-7,24 (IH. m), 7.45 (1H, dd. J = 9.4. 2.6 Hz), 
7.71-7.73 (1H, m), 8.43 (IH, d, J 5.0 Hz), 8.46 (IH, d, J =0.8 Hz). 

20 

REFERENCE EXAMPLE 82 
2-Chlorocyclopentanone 

2s [0651] To a solution of cyclopentanone (84.1 g, 1.00 mol) and N-chlorosuccinimide (134 g, 1.00 mol) In carbon tet- 
rachloride (250 mL), 2,2'-azobis(isobutyronitrile) (1.64 g, O.IOmol) was added, and the mixture was stirred under a 
light irradiation for 6 hours. The reaction solution was filtered, and concentrated under reduced pressure. The residue 
was distilled under reduced pressure to obtain the title compound (59.2 g, yield: 60%). 
Boiling point: 80-86 '^C /1 .7 kPa (13 mmHg). 

30 1H NMR (CDCI3) 5 1.84-2.72 (6H, m). 4.12 (1H. t. J = 6.8 Hz). 

REFERENCE EXAMPLE 83 

2-(2-Methoxyphenoxy)cyclopentanone 

35 

[0652] To a solution of guaiacol (31 .0 g, 250 mmol) In N.N-dimethylformamide (400 mL). sodium hydride (60% sus- 
pension in oil) (12.0 g, 300 mmol) was added, and the mixture was stin-ed at 0 for 30 minutes. A solution of 2-chlo- 
rocyclopentanone (59.2 g, 499 mmol) in N.N-dimethylfonnamide (100 mL) was added dropwise to the mixture, and 
the mixture was stirred at 0 further for 1 hour. The reaction solvent was corK^entrated and distilled off under reduced 
40 pressure, and the residue was poured into water. The organic material was extracted with ethyl acetate, the extract 
was washed with brine, dried over magnesium sulfate, filtered, and concentrated under reduced pressure. The residue 
was subjected to a column chromatography on a silica gel (hexane/ethyl acetate, 4:1) to obtain the title compound 
(28.4 g, yield: 55%). 
An oil. 

^H NMR (CDCI3) 6 1 .62-2,51 (6H, m). 3.86 (3H, s), 4.61 (1 H. td. J = 7.8. 1 ,4 Hz), 6.84-7.04 (4H, m). 

REFERENCE EXAMPLE 84 

1-Methoxy-2-[(2-methylenecyclopentyl)oxy]benzene 

50 

[0853] To a solution of methyltriphenylphosphonium bromide (1 03 g, 289 mmol) in tetrahydrofuran (600 mL), potas- 
sium lert-butoxide (30.9 g, 275 mmol) was added, and the mixture was stirred at 0 for 3 hours. A solution of 2-(2-meth- 
oxyphenoxy)cyclopentanone (28.4 g, 138 mmol) in tetrahydrofuran (200 mL) was added dropwise. and the mixture 
was stinted at 0 ''C further for 1 hour. The reaction solution was combined with water, and the organic layer was sep- 
ss arated. The aqueous layer was extracted with ethyl acetate, and the combined organic layer was washed with brine, 
dried over magnesium sulfate, filtered, and concentrated under reduced pressure. The residue was subjected to a 
column chromatography on a silica gel (hexane/ethyl acetate, 20:1) to obtain the title compound (22.4 g. yield* 79%) 
An oil. 
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1H NMR (CDCy S 1.60-2.55 (6H. m). 3.85 (3H. s). 4.89-4.93 (1H. m), 5.07-5.17 (2H. m). 6.83-7.00 {4H. m). 

REFERENCE EXAMPLE 85 

2-<1 -Cyclopenten-1 -ylmethyl)-6-methoxyphenol 

\ [06541-' 1-Methoxy-2-{(2-methylenecyclopentyOoxyIben2ene (22.4 g. 110 mmol) was dissolved in N.N-diethylaniline 
^ 'U K JoT. ^ ""'"^ atmosphere. J^e reaction mixture was cooled SfcL 

combined wrth 2 M hydro«*loric acid, and extracted with ethyl acetate. Tlie organic layer was washed with brine dried 
over magnesium sulfate, filtered, and concentrated under reduced pressure. The residue was subjected to a column 
dvomatography on a silica gel (hexane/ethyl acetate. 50:1) to obtain the title compound (19.3 g. yield: 86%). 

670-6.83^3^ m)^ ''^""^'^ ^""^ ^-'^"^-^ '"J- S-^B (1H. s). 

REFERENCE EXAMPLE 86 
7-MethoxysplrDlben2ofuran-2(3H).1'-cyclopentaneJ 

[0655] To a solution of 2-(1^clopentan-1-ylmethyl)-6-methoxyphenol (22.4 g. 110 mmol) in methanol (200 mL) 
cone, sulfunc acid (20 mL) was added dropwise with cooling in ice. and the mixture was heated under reflux for 4 hours' 
The reaction solvent was concentrated and distilled under reduced pressure, and the residue was poured into ice water 

^l^r^r'T^ T T^"'^'^ ^"^^ "^^'^^'^ ''"^ magnesium sulfate, filtered, and 

concentrated under reduced pressure. The residue was subjected to a column chromatography on a silica gel (hexane/ 
ethyl acetate. 50:1 ) to obtain the title compound (1 7.0 g. 88%). ^ tnexane/ 

An oil. 

1H NMR {CDCI3) S 1.67-2.21 (8H. m), 3.19 (2H. s). 3.86 (3H. s). 6.70-6.80 (3H. m). 
REFERENCE EXAMPLE 87 

7-MethoxyspiroIben2ofuran-2(3H).1'-cyclopentane]-5-carboxaIdehyde 

S ''""f-P'^T' o'^f 'oride (15.5 mL, 166 mmol) was added dropwise to N.N-dlmethylfom,amide (6.44 mL. 166 

(30 mL) was added dropwise with cooling in ice, and then the mixture was stirred at 80 -C for 6 hours The reaction 
mature was poured into ice water, neutralized with 8 M aqueous solution of sodium hydroxide, and then extracted with 
n Scnf^^' ^^.^"^^ ""^'^^ w"*^ brine, dried over sodium sulfate, filtered, concentrated under reduced 
?^i!.rJ?f '^M ,! n '° " ^f'^o'^atography on a silica gel (hexane/ethyl acetate. 10:1). and 

crystallized from diethyl ether-hexane to obtain the title compound (11 0 g yield- 57%) 
Melting,point: 54 "C ■ j ■ /• 

'H NMR (CDCI3) 5 1.70-2.26 (8H. m). 356 (2H. s). 3.93 (3H. s), 7.31-7.34 (2H. m). 9.80 (1H. s). 
REFERENCE EXAMPLE 88 

7-Methoxy-5-(2-methyl-l-propenyl)spiro[benzofuran-2(3H),1'-cyclopentane] 

(06571 To a suspension of 7-methoxyspiro(benzofuran-2(3H).r<:yclopentane]-5-carboxaldehyde (10.5 g 45 2 
rnmol) and .sopropyltrlphenylphosphoriium iodide (31.4 g. 72.6 mmol) in tetrahydrofuran (150 mL). sodium hydride 
(60% suspension in oil) (3.26 g. 81.4 mmol) was added, and the mixture was heated under reflux for 1 hour The 
reaction mixture was poured into a 1 0% aqueous solution of ammonium chloride, and extracted twice with ethyl acetate 
TT.eco.T*.ned organs layer was washed with water and brine, dried over magnesium sulfate, filtered, and concentrated 

20.1) to obtain the title compound (11.0 g. yield: 94%). 
An oil. 

1H NMR (CDCI3) 5 1.54-2.20 (14H. s). 3.17 (2H, s). 3.85 (3H, s). 6.20 (1H. s). 6.60 (1H. s), 6.66 {1H. s). 
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REFERENCE EXAMPLE 89 
2-Bromo-3-pentanone 

5 [0658] To a solution of 3i)entanone (1 72 g, 2.00 mol) in methanol (500 mL), bromine (51 .1 mL, 1 .00 mol) was added 
• dropwise, and the mixture was stirred at room temperature for 3 hours. The reaction solvent was concentrated and 
y distilled^off under reduced pressure, and the residue was treated with an aqueous solution of sodium thiosulfate, and 
^ extracted with ethyl acetate. The extract was washed with brine, dried over magnesium sulfate, filtered, and concen- 
trated under reduced pressure. The residue was distilled under reduced pressure to obtain the title compound (72 3 
10 g, yield: 44%), 

Boiling point: 65 /3.3 kPa (25 mmHg) 

1H NMR (CDCI3) 6 1.12 (3Hv t, J- >.4 Hz)v t.75f3Hi t^ J'=7:0«Hz)i afrl^lH dqrJ«-t8:0v 7.4'Hz)<^87-(^^^^^^^ 
1 8.0. 7.4 Hz), 4.42 (1 H, q, J = 7.0 Hz). 

15 REFERENCE EXAMPLE 90 

2-(2-Methoxyphenoxy)-3-pentanone 

[0659] The title compound was obtained from 2-bromo-3-penlanone by the method similar to that in Reference Ex- 
20 ample 83. 
Quantitative. 
An oil. 

1H NMR (CDCI3) 6 1.07 (3H, t. J = 7.4 Hz). 1.51 (3H. t, J = 6.8 Hz). 2.59 (1H. dq, J = 18.0. 7.4 Hz). 2.75 (1H, dq. J = 
18.0, 7.4 Hz), 3,87 (3H, s), 4.62 (1 H, q. J = 6.8 Hz). 6.75-6.99 (4H, m). 

25 

REFERENCE EXAMPLE 91 

1 -Methoxy-2-(1 -methyi-2-methylenebutoxy)benzene 

30 [0660] The title compound was obtained from 2-(2-methoxyphenoxy)-3-pentanone by the method similar to that in 
Reference Example 84. Yield: 79%. 
An oil, 

1H NMR (CDCy 6 1 .07 (3H, t. J = 7.2 Hz). 1 .50 (3H. t. J = 6.6 Hz), 2.13 (2H, q. J = 7.2 Hz), 3,86 (3H. s). 4.74 (1H. q, 
J = 6.6 Hz), 4.88 (1H. d, J = 1.4 Hz). 5.07-5.08 (1H. m), 6.78-6.91 (4H. m). 

35 

REFERENCE EXAMPLE 92 

2-(2-Ethyl-2-butenyl)-6-methoxyphenol 

40 [0661] The title compound was obtained from 1 -methoxy-2-(1 -methyl-2-methylenebutoxy)benzene by the method 
similar to that in Reference Example 85. Yield: 97%. 
An oil. 

^H NMR (CDCI3) 8 0,98 (3H. t. J = 7.6 Hz). 1 .61 (3H, d, J = 70 Hz). 2.04 (2H, q, J = 7.6 Hz), 3.35 (2H. s), 3.88 (3H. 
s). 5.19 (1H. q, J = 7.0 Hz), 5.68 (1H, s), 6.69-6.83 (3H, m). 

45 

REFERENCE EXAMPLE 93 

2,2-Diethyl-2,3-dihydro-7-methoxybenzofuran 

50 [0662] The title compound was obtained from 2-(2-ethyl-2-butenyl)-6-methoxyphenol by the method similar to that 
in Reference Example 86. Yield: 86%. 
An oil. 

1H NMR (CDCI3) 8 0.94 (6H, t. J = 7.4 Hz), 1.78 (4H, q. J « 7.4 Hz), 3.01 (2H. s), 3.87 (3H. s). 6.71^.78 (3H. m). 
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REFERENCE EXAMPLE 94 

2,2-Diethyl-2,3-dihydro-7-methoxy-54>en2ofurancaft)oxaldehyde 

[0663] -nie title compound was obtained from 2.2Kliethyl-2,3^ihydro.7^nethoxybenzofuran by the method similar 
to th^t in Reference Example 87. Yield: 59%. 
An oil. 

O^'nTsr^^^^^^^^^ ' ^ ' ^ ^ ^'^^ ^^^>» ^-^^ 

REFERENCE EXAMPLE 95 

2.2- Diethyl-2,3-dihydro-7-methoxy-5-(2-methyl-1 -propenyl)ben2ofuran 

[0664] The title compound was obtained from 2.2-diethyl-2,3-dihydro-7-methoxy-5-benzofurancart)oxaldehyde by 
the method similar to that In Reference Example 88, Quantitative. 
An oil. 

s" eTcfh'^S'f e'e^ OH^^^^^ ' ' ^ ' ' = ' ^ (^H. s). 6.19 (i h. 

REFERENCE EXAMPLE 96 

2.3- Dihydro-7-misthoxy-a.a^,2-tetramethyl-S-ben2ofuranethanamine 

[0665] A mixture of 3K2,3Klihydro-7-methoxy-2^-dimsthyl-S4,en2ofuranyl).2,2-dimethylpropionic acid (5 0 g 18 
mmol). drphenylphosphonri azide (5.6 g. 20 mmol). and triethylamine (2.8 mL, 20 mmoO in toluene (1 00 mL) was heated 
under reflux for 1 hour. The reaction solutton was cooled to room temperature, and then washed with water and brine 
dned oyer magnesium sulfate, and then the solvent was distilled off under reduced pressure. 6 M Hydrochloric acid 
(30 mL) was added to the resultant residue and the mixture was stinted at 60 'C for 1 .5 hours. The reaction solution 
was cooled to room temperature, basified by die addition of 8 M aqueous solution of sodium hydroxide, and then the 
orgamc materral was extracted with diethyl ether, "nie extract was washed with brine, dried over magnesium sulfate 
and^then the solvent was distilled off under reduced pressure to obtain the title compound (3.6 g. yield: 80%). 

1H NMR (CDCI3) 61.13 (6H, s), 1 .51 (6H. s), 2.58 (2H. s). 3.02 (2H, s), 3.86 (3H. s). 6.55 (1H. s). 6.59 (1 H. s). 
REFERENCE EXAMPLE 97 

6<;hloro4J^2-(2.3Klihydro-7^,i6thoxy-2.2-dimethyl-S-ben2ofuranyl)-1.1-dimethylethylI-3-pyn^^ 

[0666] A mixture of 2 3-dihydro-7-niethoxy-a.a,2.2-tetramethyl-5-benzofuranethanamine (3.7 g, 15 mmoQ. 6-chlo- 
ron cot-noylclilondehydrochloride (3.9 g, 1 8 mmol). sodium hydrogen carbonate (4.7g. 56 mmol). tetrahydrofuran (30 
mL). toluene (60 mL) and water (30 mL) was stirred at room temperature for 14.5 hours. The reaction solution was 
''^^^'^^•T TV.^""^^ ^""^ "-^^ '^^^'^"^ "^^^ covriAn^ with water. The organic material was extracted 

^ !^ !' ^"^"^^ washed With brine, dried over magnesium sulfate, and then the solvent was distilled 

pindrr^S86%^^^^ 

Melting point: 118-119 **C 

MhTz^fi S V T f ."u'l* ' ^ '-^^ '-^^ (1H. br). 6.51 (1H, s). 6.56 

(1H, s), 7.38 (1H, d, J = 8.4 Hz). 7.96 (1H. dd. J = 8.4. 2.1 Hz). 8.62 (1H. d. J = 2.1 Hz). 

REFERENCE EXAMPLE 98 

N^2-(2 3-Dlhydro-7.methoxy-2,2-dimethyl-5*en2oturanyl)-1 .1 <limethylethyn 

6-oxo-3-pyndinecart}oxamide ^ ^ // 

[0667] Asolutionof6-chloro.N<2-(2,3-dihydro-7wTnethoxy-2.2-dlm6thyl-54Den2ofuranyl)-1,1-dlmethylethyll-3iDyrW 

^! f ^" l-o'^ide (3.9 g. 24 mmol). a 25% solution of hydrogen br^rnide/ 

acetic acid (1 .6 mL). and acetic add (2.4 mL) in toluene (1 3 mL) was heated under reflux for 1 9.5 hours. The reaction 
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solution was cooled to room temperature, and then the reaction mixture was poured into water. The mixture was weak- 
alkalized by the addition of 8 M aqueous solution of sodium hydroxide, and then the organic material was extracted 
with ethyl acetate. The extract was washed with brine, and then dried over sodium sulfate, and the solvent was distilled 
off under reduced pressure. The resultant residue was purified by a column chromatography on a bask: silica gel 
5 (hexane/chlorofomVethyl acetate, 1:1:1 followed by 1:1:2), and crystallized from hexane-diisopropyl ether to obtain 

^ the title compound (1 .2 g, yield: 59%). 

\ Melting^point: 192-193 *'C 

^' 1H NMR (CDCI3) 6 1 .45 (12H. s). 2.57 (3H. s), 2.92 (2H, s), 3.03 (2H. s), 3.75 (3H. s), 5.60 (1 H. br s), 6.54 (2H, d, J = 
7.4 Hz). 6.65 (1H. d. J = 9,4 Hz), 7,58-7.70 (3H, m), 7.86 (IH, d, J =8.8 Hz), 7.97 (1H, d, J = 8.4 Hz). 8.20 (1H. d. J 
w = 8,8 Hz). 8.51 (1 H, d, J = 2.2 Hz), 

5-(3-Cyanophenyl)-1H-tetrazole-1-aceric acid methyl ester 

15 

[0668] 3-(1 H-tetrazol-5-yl)benzonitrile (1 .77 g, 1 0 mmol) was dissolved in N,N-dimethylfonmamkie (20 mL). Sodium 
carbonate (1 .65 g, 12 mmol) and methyl bromoacetate (1 .84 g, 12 mmol) were added to the mixture with cooling In 
tee. The reaction mixture was allowed to v/smx to room temperature, and stinred for 1 hour. The reaction mixture was 
combined with ice water, and extracted twice with ethyl acetate. The extract was washed with an aqueous solution of 
20 sodium chloride, dried over magnesium sulfate, filtered, and concentrated under reduced pressure. The residue was 
subjected to a column chromatography on a silica gel eluted with hexane/ethyl acetate (2:1 ). and the objective fraction 
was collected to concentrate, and reciystallized from hexane to obtain the title compound (1.98 g, yield: 81%). 
Melting point: 67-69 ''C 

1H NMR (CDCI3) 6 3.86 (3H, s), 5.51 (2H, s), 7.6-8.6 (4H. m). 

25 

REFERENCE EXAMPLE 100 

2,3-Dihydro-7-methoxy-2,2-dimethyl-5-(2-nitroethenyl)ben2ofuran 

30 [0669] A mixture of 2.3-dihydro-7-methoxy-2.2-dimethyl-5-benzofurancariDoxaldehyde (1 7.5 g, 84.9 mmol), and am- 
monium acetate (4.36 g, 56.6 mmol) in nitromethane (85 mL) was stin-ed at 100-105 "C for 1.5 hours. The reaction 
mixture was dissolved in ethyl acetate, washed with water and brine, dried over magnesium sulfate, filtered, and con- 
centrated under reduced pressure. The residue was recrystailized from ethyl acetate-diisopropyl ether to obtain the 
title compound (17.1 g, yield: 81%). 

35 Melting point: 1 54-1 56 ^'C 

^H NMR (CDCI3) 6 1.55 (6H, s). 3.08 (2H. s). 3.92 (3H, s), 6.91 (IH, s). 7.04 (1H, s). 7.51 (IN, d, J = 13.6 Hz), 7,96 
(IH, d. J = 13.6 Hz). 

REFERENCE EXAMPLE 101 

40 

N-[2-(2,3-Dihydro-7-methoxy-2,2-dimethyl-5-benzofuranyl)ethyl]benzamide 

[0670J To a solution of 2,3-dihydro-7-methoxy-2,2-dimethyl-5-(2-nitroethenyl)benzofuran (1 6.3 g, 65.4 mmol) in tet- 
rahydrofuran (250 mL), lithium aluminum hydride (7.44 g, 0.196 mol) was added in portions, and the mixture was 

<s heated under reflux for4 hours. The reaction mixture was cooled with ice. combined with Hyflo Super-Cell (trade name) 
(37 g), and ethyl acetate (100 mL) was added dropwise, followed by water (1 5 mL). The resultant mixture was stirred 
at the same temperature for 1 0 minutes, filtered, and concentrated under reduced pressure to obtain the mixture (1 2.9 
g) containing 2,3-dihydro-7-methoxy-2,2-dimethyl-5-benzofuranethanamine. 2.22 g of this material was dissolved in 
tetrahydrofuran (1 0 mL). A solution of sodium carbonate (1 ,38 g, 1 3.0 mmol) in water (1 0 mL) was added to the reaction 

50 mixture, and then benzoyl chloride (1 .28 mL, 1 1 .0 mmol) was added dropwise to the mixture with cooling in fee. The 
mixture was stirred at the same temperature for 20 minutes. The reaction mixture was combined with water, and ex- 
tracted twice with ethyl acetate. The combined organic layer was washed with brine, dried over sodium sulfate, filtered, 
and concentrated under reduced pressure. The residue was subjected to a column chromatography on a silrca gel 
(hexane/ethyl acetate, 1 0:1 followed by 3:1 ), and recrystailized from ethyl acetate-hexane to obtain the title compound 

S5 (929 mg. yield 25%). 

Melting point: 137-138 *C 

^H NMR (CDCI3) 5 1.51 (6H, s). 2.86 (2H. t. J = 6.8 Hz). 3.01 (2H. s). 3.61-3.75 (2H. m). 3.83 (3H. s). 6.08-6.22 (IH, 
m), 6.59 (IH, s). 6.65 (1H, s). 7.35-7.55 (3H. m), 7.67-7.75 (2H, m). 
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REFERENCE EXAMPLE 102 

2.3-Dihydro-7-methoxy-2.2-<limethyl-5-(2-nitro-1-propenyl)benzofuran 

2.3-dihydro-7-methoxy-2,2-dimethyl-5-ben2ofurancarboxaldehyde (20.0 g, 97.0 mmol) nitro- 
. etha-he J7.70 mL. 1 07 mmol). piperidine (2.00 mL. 20.2 mmol) and acetic acid (5.60 mL. 97.8 mmol In toluene (37 ml) 
\ was heated under reflux for 5 hours using Dean-Stark water separator The reaction solution was cooled o room 
temperature. The mixture was separated into water and ethyl acetate. The organic layer was washed with brine dried 
over magr,es.um sulfate and then distilled off under reduced pressure. The resultant residue was crystallized fr^ 
diBopropyl ether to obtain the title compound (20.9 g, yield: 82%). ^^y^umuea rrom 

Melting point: 120-121 'C 

^HNMR.(©IDGl3>'«<1.5&(6H?.s>;2;50'(3H^^s)r3:O9'(-2Hvs^ , 
REFERENCE EXAMPLE 103 

2.3-Dihydro-7-methoxy-a.2.2-trimethyl-5-benzofuranethanamine 

106^] TO a solution of 2.3-dihydro-7-methoxy-2.2-dimethyl-5-(2-nitro-1-propenyl)benzofuran (10.9 g, 41 .4 mmon in 
tet^hydrofuran (150 mL).l.th,um aluminum hydride (3.35 g. 88.3 mmol) was added at 0 -0 in portions. The reactln 
solutio,^ was shtred at 0 °C for 15 minutes, and heated under reflux for 1 hour. The reaction solution was cooled with 
ice. water was added in portions, and the insolubles were filtered off. The filtrate was dried over sodium sulfate and 
then me solvent was distilled off under reduced pressure to obtain the title compound (9.00 g, yield: 92%). ' 

lHNMR(CDCl3)51.12(3H,d.J = 6.4Hz).1.50(6H.s).2.40(1H.dd.J=13.2.8.4Hz) 266 (1H dd J-132 52 
HZ), 3.01 (2H, 8). 3.07-3.17 (1H, m). 3.85 (3H. s). 6.56 (1H, s). 6.S9 (1H, s). ' * ' ~ ' 

REFERENCE EXAMPLE 104 

N-[2-(2.3-dihydro-7-melho)(y-2.2-dimethyl-5-benzofuranyl)-1-methylethyl]ben2amide 

• ^°,o °* 2,3-dihydro-7-methoxy-a.2.2-trimethyl-5-ben2ofuranethanamine (3.00 g. 1 2.7 mmol) and tri- 
tTmTn^^ HH 1 '^t-f^/d-f-an (50.0 mL) and ethyl acetate (50.0 mL) benzoyl chJde .5^ m^ 

12.9 mmol) was added dropw.se at 0 »C. The reaction solution was stirred at room temperature for4 hours and then 

I'Z;'!:::,^^"':'- "^'^"^ '^"""'"^ ^^"^ ^^^^^^^ ^ "^-•^ material w^'eCe 

r^prdt 9Tg%iSd:'i%^^^^^ ^"""^ '^"^''"^ -^♦-'-P^Py' ether to obtain the 

Melting point: 141-142 "C 

iHNMR(CDCl3)51.24(3H.d.J = 6.6Hz), 1.50(6H,s).2.76(1H.dd.J=13 4 70H2) 288 flH dd J-nn «;fi 
S'r8.S%"°^'"-^^''-^^^ 

REFERENCE EXAMPLE 105 

N-{2-(2,3-dihydro-7-methoxy-2.2-dlmethyl-S-benzofuranyl)-1-methylethyl)-4-pyridinecait)oxamid6 
Stin?vLh.tTh''H""''Hr^^^^ 

sonicotinoyl chlonde hydrochlotKie by the method similar to that in Reference Exarrole 97 Yield- 75% 
Melting point 159-1 60 »C (ethyl acetate-diisopropyl ether) 

= ^ ^ "^>' ^ -^^ 2 ''1-2 93 (2H, m). 3.00 (2H, s). 3.82 (3H. s), 4 34-447 (1H 

m),6.00(1H.brd.J = 8.4Hz).6.56(1H.s),6.61(1H.s),7.52-7.55(2H,m),8.71-8.74(2H,m) 

REFERENCE EXAMPLE 106 

2-(Benzoylamlno)-3-(2.3-dihydro-7-methoxy-2,2-dimethyl-5-benzofuranyl)-2-propenoic acid methyl ester 

t0675J A suspensionof2.3-dihydro-7-methoxy-2.2-dimethyl-5-ben2ofurancart>oxaldehyde(12.8g,62 1 iTimon hip- 
punc acid (12.2 g. 68.1 mmol) and sodium acetate (5.60 g, 68.3 mmol) in acetic anhydride (65 mL) was stirred at 1 00 
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for 1 .5 hours. The reaction mixture was cooled to room temperature, combined with diethyl ether, and crystals were 
recovered by filtration to obtain a mbrture (16.9 g) containing 4-t(2.3-dihydro-7-methoxy-2,2-dlmethyl-5-ben2ofuranyl) 
methylene]-2-phenyl-5(4H)-oxazolone. The mother liquor was concentrated again, and crystals were washed with di- 
isopropyl ether to obtain the same mixture (3.72 g). These were suspended in methanol (1 00 mL). Sodium carbonate 
5 (0.20 g, 1 .9 mmol) was added to the suspension and the mixture heated under reflux for 3 hours. The reaction mixture 

\ was concentrated under reduced pressure and the residue was partitioned between ethyl acetate and water. The 
aqueou^ layer was separated, the organic layer was washed and concentrated under reduced pressure. The residue 
• was crystallized from methanol-diisopropyl ether to obtain the title compound (10.5 g, yield: 44%). 
Melting point: 1 84-1 86 «C 

10 IH NMR (CDCI3) 8 1.50 (6H, s). 2.99 (2H, s), 3.66 (3H. s). 3.85 (3H. s), 7.00 (2H. s). 7.43-7,64 (4H, m), 7.67 (1H, br 

s). 7.86-7.95 (2H, m). 

REFERENCE EXAMPLE 107 

'5 a-(Ben2oylamlno)-2.3-dihydro-7-methoxy-2,2-dimethyl-5-benzofuranpropanoic acid methyl ester 

[0676] To a solution of 2-(ben2oylamino)-3-(2,3-dihydro-7-methoxy-2,2-dimethyl-5-ben2ofuranyl)-2-propenoic acid 
methyl ester (11 .5 g, 30.2 mmol) in telrahydrofuran (100 mL), 10% palladium on carbon (60% hydrate) (1 .2 g) was 
added, and the mixture was stirred at 50 *C for 4 hours under hydrogen atmosphere. The catalyst was filtered off and 
20 filtrate was concentrated under reduced pressure. The resultant crystals were washed with diisopropyl ether to obtain 
the title compound (1 0.1 g, yield: 87%). 
Melting point: 160-162 

1H NMR (CDCI3) 5 1.50 (6H, s). 2.98 (2H, s), 3.15 (IH, dd. J = 13.9, 5.1 H2), 3.23 (1 H, dd, J = 13.9, 5.9 Hz), 3.75 (3H. 
s), 3,78 (3H, s). 5.04 (IH. dt, J -7.5, 5.5 Hz), 6,48 (IH, s), 6.53 (1 H, s). 6.59 (IH, br d, J = 7.5 Hz), 7.36-7,57 (3H, m)' 
25 7.71-7.79 (2H,m). 

REFERENCE EXAMPLE 108 

2-Amino-5-(4,4,5,5-tetramethyM ,3,2-dioxaborolane-2-yl)benzoic acid methyl ester 

30 

[06771 To a solution of methyl 5-iodoanthranilate (2,87 g. 10.0 mmol) and triethylamine (4.2 mL. 30 mmol) in 1 .4-di- 
oxane (20 mL). [1,V-bis(diphenylphosphino)fenrocene]dichloropalladium (II) dichloromethane complex (82 mg, 0.10 
mmol) was added and 4,4,5,5-tetramethyl-1 ,3,2-dioxaborolane (3.7 mL, 25 mmol) was added dropwise. The resultant 
mixture was stin*ed at 80 **C for 14 hours under nitrogen atmosphere. The reaction mixture was combined with water, 
35 and extracted twice with ethyl acetate. The combined organic layer was washed with water and brine, filtered througti 
a silica gel (eluting with ethyl acetate), and concentrated under reduced pressure. The residue was subjected to a 
column chromatography on a silica gel (hexane/ethyl acetate, 5:1), and recrystallized from ethyl acetate-hexane to 
obtain the title compound (1 .45 g, yield: 62%). 
Melting point: 110-112*0 

<o 1H NMR (CDCI3) 8 1.33 (12H, s), 3.86 (3H. s). 5.96 (2H. br s). 6.63 (IH, d. J = 8.3 Hz). 7.67 (IH, dd, J = 8.3, 1 .5 Hz). 
8.33(1H,d, J = 1.5Hz). 

REFERENCE EXAMPLE 109 

45 4-(4,4,5.5-Tetramethyl-1 ,3.2-dioxaboroIane-2-yl)benzoic acid ethyl ester 

[0678] To a solution of ethyl 4-iodobenzoate (2.76 g, 1 0.0 mmol) and triethylamine (4.2 mL, 30 mmol) in 1 .4-dioxane 
(20 mL). [1.1'-bis(diphenylphosphino)fenrocene]dlchloropalladium(ll) dichloromethane complex (82 mg, 0.10 mmol) 
was added, and 4,4,5, 5-tetramethy 1-1 .3,2-dioxaborolane (3.2 mL, 22 mmol) was added dropwise. The resultant mixture 

50 was stirred at 80 *»C for 14 hours under nitrogen atmosphere, and at 100 for 3 hours. The reaction mixture was 
combined with water, and extracted twice with ethyl acetate. The combined organic layer was washed with water and 
brine, dried through sodium sulfate-silica gel (eluting with ethyl acetate), and concentrated under reduced pressure. 
The residue was subjected to a column chromatography on a silica gel (hexane/ethyl acetate, 20:1) to obtain the title 
compound (2,26 g, yield: 82%). 

55 An oil. 

iHNMR(CDCl3)51.36(12H,s). 1.40(3H.t, J = 7.1 Hz), 4.39 (2H. q. J = 7.1 Hz). 7.86 {2H. d, J = 8.4 Hz) 803 (2H 
d. J = 8.4 Hz). 
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REFERENCE EXAMPLE 110 

MBenzoylamino)-2^-dihydro-7-methoxy-2.2-dimethyl-5-ben2ofufanpropanol 

5 [06791 To a suspension of a-(ben2oylamino)-2.3-dihydro-7-melhoxy-2,2-dimethyl-5-benzofuranpropanoic acid me- 
11 thyl eslpr (3.84 g, 1 0.0 mmol) in tettahydrofuran (30 mL), sodium borohydride (90%) (1 .26 g. 30 mmol) was added 
\ - Methariol (5 mL) was added dropwise to the resultant mixture while heating under reflux over 30 minutes and then 
the mixture was heated under reflux for 5 minutes. The reaction mixture was allowed to cool combined with water 
and extracted twice with ethyl acetate. The combined organic layer was washed twice with water and concentrated 
under reduced pressure. The residue was recrystallized from methanol-diisopropyl ether to obtain the title compound 
(2.65 g, yield: 75%). 
Meftingpointr 155>4S8-*© 

iH NMR (CDCI3) 5 1.50 (6H, s). 2.91 (2H. d. J = 7.2 Hz), 3.00 (2H. s). 3.66-3.87 (2H. m). 3.82 (3H s) 4 20-438 HH 
m). 6.37-6.48 (IH.m). 6.63 (1H,s). 6.67 (1H,s). 7.35-7.55 (3H.m). 7.65-7.73 (2H,m). ^ ' " ' " ^ • 

REFERENCE EXAMPLE 111 

2-(Benzoylamino)-3-(2,3-dlhydro-7-methoxy-2^-dlmethyl-5-benzofuranyl)propyl acetate 

[0680] To a suspension of NBenzoylamino)-2.3-dihydro-7-methoxy-2,2-dimethyl-5-ben2ofuranpropanol (3 13 g 
8.81 mmol) and 4-(dimethylamino)pyridine (108 mg, 0.884 mmol) in tetrahydrofuran (30 mL). triethylamlne (1 84 mL* 
13.2 mmol) and acetic anhydride (1.16 mL, 12.3 mmol) was added dropwise. and the mixture was stirred at rooni 
temperature for 20 minutes. The reaction mixture was combined with water and extracted twice with ethyl acetate The 
combined organic layer was washed twice with water and concentrated under reduced pressure. The residue was 
recrystallized from methanol-diisopropyl ether to obtain the title compound (3.26 g yield- 93%) 
Melting point: 141-142 "C 

1H NMR (CpCIa) S 1 .50 (6H, s). 2.11 (3H, s), 2.79 (1 H, dd, J = 13.7. 8.3 Hz). 2.93-3.05 (1H. m). 3.00 (2H, s). 3.82 (3H. 
s)AAS (1H, dd. J = 11.4. 4.1 HZ), 4.28 (1H. dd, J = 11.4, 6.2 Hz). 4.47-4.64 (IN. m). 6.43 (1H. brd. J= 8.4 Hz) 6 61 
(IH.s), 6.64 (1H,s). 7.38-7.57 (3H.m), 7.70-7.78 (2H.m). 

REFERENCE EXAMPLE 112 

N-[3'-(1 .2.3.4,8.9-Hexahydro-6-methoxy-3,3.8.8-tetramethylfuro[2,3-hlisoquinolin-1 -yl)[1 .1 '-biphenylj^-ynacetamide 

[0681] The title compound was obtainedfromN-l3'-(3,4.8.9-tetrahydro-6-methoxy-3,3.8,8-tetramethylfuro[2 3-hliso- 
quinolin-1 -yl)[1 .1 '-biphenyll-S-yllacetamide by the method similar to that in Reference Example 10 Yield- 84% 
Melting point: 1 62-1 65 'C (ethyl acetate-hexane) 

1H NMR (CDCI3) 51.18 (3H, s). 1 .21 (3H, s). 1 .25 (3H. s). 1 .34 (3H. s), 1 .85 (1H. d. J = 15.8 Hz). 2.20 (3H. s). 2.47 
40 7 iiVu^ r^^' = ^^-^ = ^^-^ "^)' 3-87 (3H. 8). S.O0 (1H. s). 6.50 (1H. s). 

REFERENCE EXAMPLE 113 
3-Cyano-N-(3,5-clichIoro-4-pyridinyl)ben2amicle 
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[0682] A mixture of S^yanobenzoic acid (2.71 g. 1 8.4 mmol) and thlonyl chloride (1 0 mL) was heated under reflux 
for 1.5 hours. The reaction solution was concentrated under reduced pressure, and the residue was combined with 
toluene and concentrated under reduced pressure again, A suspension of 4-amino-3.5-dichloropyrldine (2 50 g 1 5 3 
mmol) in tetrahydrofuran (30 mL) was cooled with Ice. Then sodium hydride (66% suspension in oil) (1 34 g' 36 7 
mmol) followed by the concentrated residue prepared previously were added to the suspension. The mixture was 
stirred at room temperature for 2 hours, poured into ice water, and then extracted with ethyl acetate The extract was 

washed with water andconcentratedunderreducedpressure.Theresiduewasrecrystallizedfrom ethyl acetate-hexane 
to obtain the title compound (0,45 g. yield: 1 1 %). The mother liquor was concentrated, the residue was subjected to a 
column chromatography on a basic silica gel (ethyl acetate/methanol, 19:1). and then recrystallized from ethyl acetate- 
hexane to obtain the additional title compound (0.66 g, yield: 15%). Melting point 242-244 

1H NMR (CDCl3+DMSO-de) 5 7.65 (1H, t, J = 8.0 Hz), 7.87 (1H. dd. J = 1.4. 8.0 Hz). 8.34 (1H. dd. J = 1.4 8 0 Hz) 
8.49(1H.s).8.58(2H.s). 10.24(1H.brs). /. v « . . n^:;. 
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REFERENCE EXAMPLE 114 

3-Cyano-N-(3,5-dichloro-1 -oxido-4-pyriclinyl)benzaniide 

[08831 A suspension of 3-cyano-N-(3,5-dichloro^-pyridjnyl)benzamide (1 .06 g, 3.78 mmol) and m-chloroperbenzoic 
acid:(70%) (2.80 g, 11 .3 mmol) in ethyl acetate (20 mL) was stinred at 50 ^'C for 15 hours under nitrogen atmosphere. 
The resfction mixture was combined with water and an aqueous solution of sodium thiosulfate, and extracted with ethyl 
■ acetate. The extract was washed with water and then concentrated under reduced pressure. The residue was subjected 
to a column chromatography on a silica gel (ethyl acetate/methanol, 49:1 to 23:2) and recrystallized from ethyl acetate- 
hexane to obtain the title compound (0.88 g, yield: 79%). 
Melting point: 234-235 *C 
1H^NMR:'(G0GI^MS©^6^«^^:65'^(W^^ 
8.47 (1H.S), 10.16 (1H.br s). 

REFERENCE EXAMPLE 115 

1 -(7-Ethoxy-2,3-dlhydro-2,2-dimethyl-5-benzofuranyl)-2-methyl-1 -propanol 

[0684] A solution of 7-ethoxy-2,3-dlhydro-2,2-dimethyl-5-benzofurancarboxaldehyde (30.0 g, 0.136 mol) in tetrahy- 
drofuran (50 mL) was cooled with ice, to this a suspension of the Grignard reagent prepared from 2-bromopropane 
(25.1 g, 0.204 mol) and magnesium (4.97 g. 0.204 mol) in tetrahydrofuran (50 mL) was added, and the mixture was 
stin-ed at room temperature for 1 hour. The reaction solution was poured into ice water and extracted with ethyl acetate. 
The extract was washed with water and concentrated under reduced pressure. The residue was crystallized from ethyl 
acetate-hexane to obtain the title compound (29.8 g, yield: 83%). 
Melting point: 100-101 *»C 

NMR (CDCI3) 5 0.77 (3H, d, J = 6.6 Hz), 1 .02 (3H, d, J = 6.6 Hz), 1 .42 (3H, t, J = 7.0 Hz), 1 .51 (6H, s). 1 .77 (1 H 
d. J = 6.6 Hz), 1 .80-1 .99 (1H, m). 3.00 (2H, s), 4.12 (2H. q. J = 7.0 Hz). 4,21 (1 H, dd, J = 2.8 Hz, 7.2 Hz), 6.70 (2H, s)! 

REFERENCE EXAMPLE 116 

1- Ethoxy-2-(2-methyl-2-propenyloxy)benzene 

[0685] A suspension of 2-ethoxyphenol (5.00 g, 36.2 mmol), 3Kihloro-2-methyl-1 -propene (3.93 mL, 39.8 mmol), 
potassium carbonate (5.75 g, 41.6 mmol) and potassium iodide (0.60 g, 3.62 mmoQ in N.N-dimethylformamide (25 
mL) was stinred at 90 *»C for 1 .5 hours under nitrogen atmosphere. The reaction mixture was allowed to cool to room 
temperature, combined with water, and then extracted with ethyl acetate. The extract was washed with 1 M aqueous 
solution of sodium hydroxide and water, and then concentrated under reduced pressure to obtain the title compound 
(5.90 g, yield: 85%), 
An oil. 

1H NMR (CDCI3) 6 1 .44 (3H, t. J = 6.9 Hz), 1 .84 (3H, s), 4.09 (2H. q, J = 6.9 Hz), 4.50 (2H. s), 4.97 (1 H. s). 5.10 (1 H, 
s). 6.88-6.91 (4H,m). 

REFERENCE EXAMPLE 117 

2- Ethoxy-6-(2-methyl-2-propenyl)phenoI 

[0686] A solution of 1 -ethoxy-2-(2-methyl-2-propenyloxy)ben2ene (5.80 g, 30.2 mmol) in N,N-diethylaniline (1 2 mL) 
was stirred at 205 ^C for 3.5 hours under nitrogen atmosphere. The reaction mixture was allowed to cool to room 
temperature, cooled with ice, combined with 2 M hydrochloric acid (39 mL), and then extracted with ethyl acetate. The 
extract was washed with water and then concentrated under reduced pressure to obtain the title compound (5 60 a 
yield: 97%). p v • y. 

An oil. 

1H NMR (CDCI3) 6 1.44 (3H, t. J = 7.0 Hz), 1.75 (3H. s), 3.36 (2H. s). 4.10 (2H. q. J = 7.0 Hz). 4.69 (1H, s). 4.80 (1H 
s). 6.65-6.79 (3K m). 
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REFERENCE EXAMPLE 118 
7-Ethoxy-2.3-dihydro-2.2-dimethylben2ofuran 



10 



'5 



[0687] To a solution of 2-ethoxy-6-(2-methyl-2-propenyOphenol (5.50 g. 28.6 mmol) In toluene (30 mL) boron triflu- 
onde^i^thyl ether complex (3.99 mL. 31 .5 mmol) was added, and the mixture was stirred at 1 00 "C for 1 5 hours under 
nitrogen atmosphere. The reaction solution was allowed to cool to room temperature, combined with 1 M aqueous 
solution of sodium hydroxide (30 ml), and then extracted with hexane. The extract was washed with 1 M aqueous 
solution of sodium hydroxide and water, and then concentrated under reduced pressure. The residue was subjected 
to a column chromatography on a silica gel to obtain the title compound (2.90 g. yield: 53%) 
An oil 



M+.NMR^(€DCl3)=«^.43=(GH'. t; J-7;0.H2)v 1=5+ (6Hr s). 3.02.(2H. s); 4.1?(2H; Cfi J =7;0-++2); 6.-71-fc78 (3H. m);- 
REFERENCE EXAMPLE 119 

S-Bromo-7-ethoxy-2,3-dihydro-2,2-dimethylbenzofuran 

106881 A solution of 7-ethoxy-2,3-dihydro-2,2-dimethylbenzofuran (10.0 g. 52.0 mmol) in toluene (50 mL) was cooled 
to -40 »C, and bromine (8.72 g, 54.6 mmol) was added dropwise. The reaction solution was stirred at the same tem- 
perature for 20 minutes, combined with an aqueous solution of sodium thiosulfate. and then extracted with hexane 
The extract was washed with water and then concentrated under reduced pressure. The residue was subjected to a 
column chromatography on a silica gel (hexane/ethyl acetate, 19:1) to obtain the title compound (13.6 g yield- 96%) 
Melting point: 55-58 "C (pentane) r- \ a.y 5»o/o;. 

I «Too^»^^H* ^ ■'^ = ^ ^ °° s). 4.09 (2H. q. J = 7.0 Hz). 6.83-6.85 (1H. m). 

0.00-0.88 (1 H, m). 

REFERENCE EXAMPLE 120 

7-Ethoxy-2,3-dihydro-2.2-dimethyl-5-(2-methyl-2-propenyl)b6nzofuran 

10689] Asolutior, of 5-bromo-7-ethoxy-2,3-dihydro-2.2-dimethylben2ofuran (3.60 g. 13.3 mmol) in tetrahydrofuran 
(30 mL) was cooled to -78 '0. a 1 .57 M solution of n-butyllithium in hexane (9.30 mL. 1 4.6 mmol) was added dropwise 
and the mixture was stirred at the same temperature for 15 minutes. To this copper (I) iodide (1 .39 g. 7.32 mmol) was 
added, and the mixture was stirred under ice cooling for 15 minutes. After cooling the mixture to -40 "C 3-chloro- 

2- methyl-l -propene (1 .44 mL. 14.6 mmol) was added dropwise. and the mixture was stirred under ice cooling for 15 
minutes. The reaction mixture was combined with water and extracted with ethyl acetate. The extf^act was washed with 
water and then concentrated under reduced pressure. The residue was subjected to a column chromatography on a 
silica gel (hexane/ethyl acetate. 19:1) to obtain the title compound (2.34 g yield- 71%) 

An oil. 

^-H NMR (CDCI3) 5 1.41 (3H. t. J = 7.0 Hz). 1 .50 (6H. s). 1 .68 (3H. s). 2.99 (2H. s), 3.22 (2H. s). 4.11 (2H q J = 7 0 
Hz). 4.73 (1H.S). 4.78 (IH.s). 6.56 (1H.S). 658 (1H.S). .iM^M.q.j /.u 

REFERENCE EXAMPLE 121 

3- Cyano-N-methylbenzenesulfonamlde 

T°f„^"^P«"^'°" °' methylamine hydrochloride (1 .67g. 24.8 mmol) in pyridine (6 mL). 3<:yanobenzenesulfonyl 
chlonde (5.00 g. 24.8 mmol) was added with cooling in ice. and the mixture was stirred at room temperature for 3 hours 
The reaction mixture was poured into ice water, acidified with 1 M hydrochloric acid, and extracted twice with ethyl 
acetate. The combined organic layer was washed with 1 M hydrochloric acid, water and brine, dried over magnesium 
sulfate, and concentrated under reduced pressure to obtain the title compound (4.49 g, yield: 92%) as crystals 
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REFERENCE 122 



N-[3-(I(3-Cyanoben2ene)su!fonyOamino]phenyl]acetamide 

5 [0691 ] To a solution of 3'-aminoacetanilide (745 mg, 4.96 mmol) in tetrahydrofuran (1 0 mL), triethylamine (0.76 mL, 
• 5.46 mmol) and 3-cyanobenzenesuifonyl chloride (1 .00 g, 4.96 mmol) were added, and the mixture was stirred at room 
Y temper^ure for 3 hours. Water was poured Into the reaction mixture, which was then extracted twice with ethyl acetate. 
' The combined organic layer was washed with brine, dried over magnesium sulfate, Hltered. and concentrated under 
reduced pressure. The residue was subjected to a column chromatography on a silica gel (hexane/ethyl acetate, 1:1 
to followed by 1 :2) to obtain the title compound (1 .39 g, yield: 89%) as crystals, 

1H NMR (CDCI3) 5 2.23 (3H. s). 6.97-7.03 (2H. m). 7.21 (1H. d. J = 8.2 Hz), 7.51-7.64 (2H. m), 7.73-7 81 (2H m) 
7- 96-8t10^(2H, m):> - i . y. 

REFERENCE EXAMPLE 123 

15 

2-[[(3-Cyanobenzene)sulfonyl]amino]acetamide 



[0692] To a solution of 3-cyanobenzensulfonyl chloride (538 mg, 2.67 mmol) in pyridine (3 mL), glycinamlde hydro- 
chloride (301 mg, 2,67 mmol) was added, and the mixture was stirred at room temperature for 1 hour, at 60 ^'C for 2 
hours, and at 90 *'C for 4 hours. Water was poured into the reaction mixture, which was then extracted twice with ethyl 
: acetate. The combined organic layer was washed with 1 M hydrochloric acid and brine, dried over sodium sulfate, 
filtered, and concentrated under reduced pressure to obtain the title compound (180 mg, yield: 28%) as crystals 
1H NMR (CDCI3) 6 3.57 (2H. d. J = 5.7 Hz). 6.25 (1 H, br s), 7.00 (1 H, br s). 7.68 (1 H. t, J = 7.8 Hz). 7 76 (1 H t J = 
5.7 Hz). 7.87 (1 H, dd, J = 7.8, 1 ,4 Hz), 8.12 (1 H, dd, J = 7.8, 1 .4 Hz), 8.1 4 (1 H, t, J = 1 ,4 Hz). 

REFERENCE EXAMPLE 124 
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3-Cyano-N-(hexahydro-2-oxo-1H-azepln-3-yl)benzenesulfonamlde 

[0693] To a solution of 3-aminohexahydro-2H-azepln-2-one (305 mg, 2.38 mmol) in tetrahydrofuran (3 mL), 1 M 
aqueous solution of sodium hydroxide (2 mL) and 3-cyanobenzenesulfonyl chloride (400 mg, 1 .98 mmol) was added, 
and the mixture was stirred at room temperature for 3 hours. Diisopropyl ether was poured into the reaction mixture! 
and precipitated crystals were filtered off and washed with water and diisopropyl ether to obtain the title compound 
(360 mg. yield: 62%) as crystals. 

1H NMR (CDCI3) 6 1.34-1.90 (4H, m), 2.02-2.16 (2H, m), 3.11-3.25 (2H. m), 3.87-3.92 (1H, m). 5.99 (1H. br s), 6.25 
(1H. brs), 7.65 (1H. dd. J = 8.4, 7,8 Hz). 7.84 (1H. ddd. J = 7.8. 1.6. 1.4 Hz). 8.04 (1H. ddd, J = 8.4. 1.6. 1 A Hz), 8.15 
(1H,dd,J = 1,6. 1.4 Hz). • ' 

REFERENCE EXAMPLE 125 

2,3-Dihydro-7-methoxy-2,2-dimethyl-5-benzofuranacetonitrile 

[0694] Potassium tert-butoxide (1 1 .8 g, 1 05 mmol) was suspended In dimethoxyethane (75 mL), cooled at a tem- 
perature not higher than -70 °C. Then toluenesulfonylmethyl isocyanide (10.2 g. 52.5 mmol) was added to the mixture 
and the mixture was stinred at a temperature not higherthan -70 «C for 30 minutes. A solution of 2,3<lihydro-7-methoxy- 
2.2-cfimethyl-5-benzofurancaftooxaldehyde (10.4 g, 50 mmol) in dimethoxyethane (25 mL) was added dropwise to the 
reacUon mixture for 1 0 minutes. After stirring at a temperature not higher than -70 ''C for 30 minutes, the mixture was 
combined with methanol (75 mL), allowed to wamn to room temperature, and heated under reflux further for 2 hours. 
The reaction solution was concentrated under reduced pressure, and iced water was poured into the residue, which 
was then extracted twice with ethyl acetate. The extract was washed with brine, dried over magnesium sulfate, filtered, 
and concentrated under reduced pressure. Diethyl ether was poured into the residue, and precipitated crystals were 
recovered by filtration, washed with diethyl ether, and dried to obtain the title compound (6.85 g yield- 63%) 
1H NMR (CDCI3) 5 1.51 (6H, s), 3.03 (2H. s). 3.67 (2H. s). 3.87 (3H. s), 6.66 (1H. s). 6.74 (1H. s). 



55 



aO: <EP — 1270577A1 I > 



118 



EP1 270 577A1 



REFERENCE EXAMPLE 126 

2H2.3-Dihydro-7-methoxy-2.2Klimethyl-5-ben2ofuranyl)-2-m8thy^ropanenitrile 

[0695] A 60% sodium hydride in oH (2.92 g. 73 ntimoO was suspended in N,N-dimethylfomiamide (75 mL) and 2 3-di- 
hydro^^ethoxy-2.2-dimethyl-5-ben2ofufanacetonitrile (7.95 g. 36.5 mmol) was added thereto in portions with cooling 
y in ice. The miictufB was sUnred at room temperature tor 30 minutes, and iodomethane (13 g 92 mmol) was added 
dropw.se with cooling in ice again overs minutes. After stirring at room temperature for 3 hours, the reaction mixture 
was poured into ice water, and extracted twice with ethyl acetate. The extract was washed with brine dried over mag- 
nesium sulfate, filtered, and concentrated under reduced pressure. The residue was subjected to a'column chroma- 
tography on a silica gel elutingwith hexane/ethyl acetate (5:1). and the desired fraction was collected and concentrated 
tO'ObtaIn 'the' tWe'Compound t8v6' g; yield 96%); 
An oil. 

1H NMR (CDCy 5 1 .52 (6H. s), 1 .71 (6H. s). 3.04 (2H, s), 3.90 (3H. s). 6.82 (1 H. s). 6.87 (1 H, s). 
REFERENCE EXAMPLE 127 

2-(2,3-Dihydro-7-melhoxy-2,2-dbnethyl-5-benzofuranyl)-2-methylpropanamlde 

[0696] .2.(2.3-Dihydro-7-methoxy-2.2-dimelhyl-5-ben2ofuranyO-2-methylpropanenitrile (8.6 g, 35 mmol) was dis- 
solved in methanol (105 mL). 1 M aqueous solution of sodium hydroxide (52 mL) and 30% aqueous solution of hydrogen 
peroxide (7.94 mL) were added to the mixture and the mixture was stirred at room temperature tor 1 8 houre Methanol 
was distilled off under reduced pressure, and the residue was extracted twice with ethyl acetate The extract was 
washed with brine, dried over magnesium sulfate, filtered, and concentrated under reduced pressure The residue was 
combined with diethyl ether, and Cfystallized to obtain the title compound (7.73 g. yield: 84%). Melting point- 1 12-1 13 •€ 
H NMR (CDCb) « 1.51 (6H. s). 1.56 (6H. s). 3.03 (2H. s). 3.87 (3H. s). 5.30 (1H. br). 5.45 (1H, br). 6.73 (1H. s). 6.81 
(In, s). 

REFERENCE EXAMPLE 128 

N-{2-(2,3-Dihydro-7-methoxy-2.2-dimethyl-5-benzofuranyl)-2-methylpropyl]ben2amide 

[06971 To a suspension of lithium aluminum hydride (0.285 g. 7.5 mmol) in tetrahydrofuran (15 mL). 2-(2 3-dihydro- 
7-methoxy-2,2-dimethyl-5-benzofuranyl)-2-methylpropanamide (0.791 g. 3 mmol) was added in nitrogen flow After 
stimng at room temperature for 30 minutes, the mixture was heated under reflux further for 1 hour. The mixture was 
combined with ethyl acetate (15 mL) with cooling in ice stirred for 30 minutes, and combined wit"h ice water (15 mL) 
the msolubles were removed using Celite. and the filtrate was extracted twice with ethyl acetate. The extract was' 
washed with brine, dried over magnesium sulfate, filtered, and concentrated under reduced pressure. The residue was 
di^olved in tetrahydrofuran (10 mL). Pyridine (0.73 mL. 9 mmol) and benzoyl chloride (0.53 mL. 4.5 mmol) were added 
to the mixture and the mixture was stirred at room temperature for 15 hours. The reaction solution was combined with 
ethyl acetate (20 mL), washed with water and an aqueous solution of sodium chloride, dried over magnesium sulfate 
filtered, and concentrated under reduced pressure. The residue was subjected to a column chromatography on a sHic^ 
gel eluting with hexane/ethyl acetate (3:1). and the desired fraction was collected and concentrated to obtain the title 
compound (0.572 g. yield: 53%). which was then recrystalllzed from diethyl ether/hexane (1 -1) 
Melting point: 109-110 "C 

nf/in'^^MV^^ ff u' ' ^-^^ ^2"" ^ = ^ 3 s). 5-80 dH. br). 6.76 (1H. 

s), o.oi (in. s). f .3-7.7 (5n, m). 

REFERENCE EXAMPLE 129 

3-Cyano-N-(2-(2.3-dihydro-7-methoxy-2.2-dimethyl-S-benzofuranyl)-2-methylpropyl]benzamide 

[0698] To a suspension of lithium aluminum (0.475 g. 1 2.5 mmol) in tetrahydrofuran (33 mL), 2-(2.3-dihydro-7-meth- 
oxy-2.2-dimethyl-5-ben2ofuranyl)-2-methylpropanamide (1 .32 g. 5 mmol) was added in nitrogen flow. After stirring at 
room temperature for 30 minutes, the mixture was heated under reflux further tor 1 hour. The mixture was combined 
with ethyl acetate (25 mL) with cooling in ice. stirred tor 30 minutes, combined with ice water (15 mL) the insolubles 
were removed using Celite. and the filtrate was extracted twice with ethyl acetate. The extract was washed with an 
aqueous solution of sodium chloride, dried over magnesium sulfate, filtered, and concentrated under reduced pressure 
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The residue was dissolved in tetrahydrofuran (10 wL), added to a solution of ac^vated ester which had been prepared 
by stirring 3-cyanobenzoic acid (0.883 g. 6 nrtmol) and N.N'-carbonyldiimidazole (0.892 g. 5.5 mmol) at roonn temper- 
ature for 30 minutes, and stirred at room temperature for 15 hours. The reaction solution was combined with ethyl 
acetate (33 mL), washed with water and an aqueous solution of sodium chloride, dried over magnesium sulfate, filtered, 
5 and concentrated under reduced pressure. The residue was subjected to a column chromatography on a silica gel 

\ eluting with hexane/ethyl acetate (2: 1 ), and the desired fraction was collected and concentrated under reduced pressure 
. to obtaih the title compound (0.955 g, yield: 50%). 
' An oil. 

NMR (CDCI3) 5 1 .39 (6H, s), 1 ,52 (6H, s), 3.06 (2H, s). 3.62 (2H, d, J = 6 Hz), 3.88 (3H, s), 5.80 (1 H, br), 6.75 (1 H, 
10 s). 6.81 (1 H, s), 7.4-8.0 (4H. m). 

ReFERENGE'EXAMPLE 1 30 ' 

[[2-(2,3-Dihydro-7-methoxy-2^-dimethyl-1 -benzof uran-5-yl)-2-methylpropylIamino]oxoacetic acid ether ester 

15 

[0699] To a suspension of lithium aluminum hydride (0.285 g, 7.5 mmol) in tetrahydrofuran (20 mL). 2-(2,3-di hydro- 
7-methoxy-2,2-dimethyl-5-ben2ofuranyl)-2-methylpropanamlde (0.791 g, 3 nvnol) was added in nitrogen flow. After 
stirring at room temperature for 30 minutes, the mixture was heated under reflux further for 1 hour. The mixture was 
combined with ethyl acetate (15 mL) with cooling in ice, stirred for 30 minutes, combined with ice water (15 mL), the 

20 insolubles were removed using Celite, and the filtrate was extracted twice with ethyl acetate. The extract was washed 
with an aqueous solution of sodium chloride, dried over magnesium sulfate, filtered, and concentrated under reduced 
pressure. The residue was dissolved in tetrahydrofuran (1 0 mL). Pyridine (0.73 mL, 9 mmol) and ethyl chloroglyoxylate 
(0.615 g, 4.5 mmol) were added to the mixture and the mixture was stirred at room temperature for 15 hours. The 
reaction solution was combined with ethyl acetate (20 mL), washed with water and an aqueous solution of sodium 

2S chloride, dried over magnesium sulfate, filtered, and concentrated under reduced pressure. The residue was subjected 
to a column chromatography on a silica gel eluting with hexane/ethyl acetate (2:1), and the desired fraction was col- 
lected and concentrated to obtain the title compound (0.51 g, yield: 49%). 
An oil. 

1H NMR (CDCI3) 5 1 .26 (3H, t. J = 7 Hz), 1 .34 (6H, s). 1 .52 (6H, s). 3.03 (2H, s), 3.48 (2H. d, J = 6 Hz), 3.88 (3H, s), 
30 4.13 (2H, q, J = 7 Hz). 6.69 (1H. s). 6.74 (1H, s). 6.92 (1H. br). 

REFERENCE EXAMPLE 131 

3-Bromo-N-[2-(2.3-dihydro-7-methoxy-2,2-dimethyl-5-benzofuranyl)-2-methylpropyl]ben2amide 

35 

[0700] To a solution of 2-(2,3-dihydro-7-methoxy-2,2-dimethyl-5-benzofuranyl)-2-methylpropanamide (1 .00 g, 3.80 
mmol) In tetrahydrofuran (10 mL), lithium aluminum hydride (80%) (0.36 g, 7.6 mmol) was added with cooling in Ice, 
and the mixture was heated under reflux for 1 hour. The reaction mixture was cooled with ice, Hyflo Super-Cell (trade 
name) (1 .5 g) was added thereto, ethyl acetate (1 mL) and water (0.5 mL) were added dropwise thereto slowly, and 
40 ethyl acetate was added to suspend, and the mixture was filtered and concentrated under reduced pressure to obtain 
2-(2,3-dihydro-7-methoxy-2,2-dimethyl-5-benzofuranyl)-2-methylpropanamine. 

[0701] This was dissolved In tetrahydrofuran (8 mL) and triethylamine (0.64 mL, 4.6 mmol) was added to the mixture. 
The resultant mixture was cooled with ice, 3-bromobenzoyl chloride (0.55 mL, 4.2 mmol) was added dropwise thereto, 
and the mixture was stirred at the same temperature for 10 minutes. The reaction mixture was combined with water 
45 and extracted twice with chlorof omri. The connbined organic layer was washed with brine, dried over magnesium sulfate, 
filtered, and concentrated under reduced pressure. The residue was crystallized from chlorofomn-diisopropyl ether to 
obtain the title compound (1 .41 g, yield; 86%). 
Melting point: 1 57-1 63 X 

NMR (CDCI3) 5 1.38 (6H. s), 1.53 (6H, s), 3.06 (2H, s), 3.58 (2H. d. J = 5.8 Hz). 3.89 (3H. s), 5.65-5.80 (1H, m), 
so 6.76 (1H, s), 6.80 (1H, s), 7.21-7.31 (1H, m). 7.51 (1H. dt. J = 7.8, 2.5 Hz). 7.59 (1H. ddd, J = 7.8, 2.0, 1.1 Hz), 7.73 
(1H, t. J= 1.8 Hz). 

REFERENCE EXAMPLE 132 

55 (4-lodophenyl)cafbamic acid phenylmethyl ester 

[0702] To a solution of 4-iodoaniline (4.38 g, 20.0 mmol) in tetrahydrofuran, a solution of sodium carbonate (2.65 g, 
25.0 mmol) in water (1 5 mL) was added, benzyl chlorofomiate (3.1 mL, 22 mmol) was added dropwise with cooling in 
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ice. and the mixture was stirred at the same temperature for 1 5 minutes. The reaction mixture was combined with water 
and extracted twice with ethyl acetate. The combined organic layer was washed with water and brine dried over 
magnesium sulfate, treated with activated charcoal, filtered, and concentrated under reduced pressure The residue 
was recrystallized from diisopropyl ether to obtain the title compound (4 71 g yield- 67%) 
Melting point: 132-1 34 °C 

1H NMp (CDCy 55.20 (2H. s). 6.64 (IH. brs). 7.18 (2H. d. J = 8.8 Hz), 7.33-7.45 (5H. m). 7.60 (2H. d. J = 8.8 Hz). 
REFERENCE EXAMPLE 133 

[4-(4,4,5.5-Tetramethyl-1,3.2-dioxaborolan-2-yl)phenyl]carbamic acid phenylmethyl ester 

[07031- To a solution.ofi4Hodophenyl)GarbamiG acid phenylmethyl ester (6.5&g; t&/4.mmol) and«triethytemine'(7 7- 
mL. 55 mmoO in 1,4-dioxane (35 mL), [1.1'-bis(diphenylphosphino)fen-ocenejdichloropalladium(ll) dichloromethane 
complex (150 mg, 0.1 84 mmol) was added. and4,4.5.5-tetramethyl-1 .3.2-dioxaborolane (5.9 mL. 41 mmol) was added 
dropwise. The resultant mixture was sOrred at 85 "C for 2.5 hours under nitrogen atmosphere. The reaction mixture 
was cooled with ice. combined with water, and extracted twice with ethyl acetate. The combined organic layer was 
washed with water and brine, dried through sodium sulfate-silica gel (eluting with ethyl acetate), and concentrated 
under reduced pressure. The residue was subjected to a column chromatography on a silica gel (hexane/ethyl acetate 
10:1 followed by 4:1 ) to obtain the title compound (5.47 g. yield: 84%). 
An oil. 

1H NMR (COCy 6 1 .33 (12H. s). 5^0 (2H. s). 6.76 (IH. br s), 7.25-7.52 (7H. m). 7.75 (2H. d. J = 8.4 Hz). 
REFERENCE EXAMPLE 134 

N-[3'-(1 .2,3.4.8.9-Hexahydro-6-m6thoxy-3.3.8.8-tetramethylfuro[2.3-h]isoquinolin-1 -yl)[1 .1 '-biphenyl]^.yl]acetamide 

[0704] Th6tittecompoundwasobtainedftomN-{3"-(3.4,8.9-tetrahydro-6-methoxy-3,3.8,8-tetramethylfuro[23-hliso- 
quinolin-1 -yl)[1 ,1'-bipheny)l-4-yl]acetamide by the method similar to that in Reference Example 1 0 Yield- 88% 
Amorphous. . . . 

IH NMR (CDCI3) 5 1.19 (3H. s). 1.20 (3H. s). 125 (3H. s). 1.35 (3H. s). 1.85 (IH. d. J= 15.7 Hz). 2.19 (3H. s). 2.48 

!ih: t J : 7^ Hz)'.^A?y;^^^^^ '-^ ^ °° <^ <^"- 

REFERENCE EXAMPLE 135 

3'.(1,2,3.4,8.9-Hexahydro-6-metho)(y-3,33.8.tetramethy!furo[2.3-h]fe^^ 

r°l^ m^fu- f "'P^""^ ^^^^'"^^ ^^^"^ 3'-(3,4.8,9-tetrahydro-6-methoxy-3,33.8-tetramethyIfuro[2.3-W 
nolin-1 -yl)[l ,1 -biphenylj^-amine by the method similar to that in Reference Example 10 Yield- 91% 
Amorphous. r • . • 

l u ^-^^ ' -^^ ^- J = 15.4 HZ), 2,43-2.60 (2H. m). 

rt^i 73V5 Hzr72!74?(5rmT^^" ^'^^ "^'^^ ^"^^ = ^'^^ 

REFERENCE EXAMPLE 136 
3-Cyano-N-methylbenzamide 

[0706] A solution of 3-cyanobenzoic add (2.00 g, 13.6 mmol) in tetrahydrofunan (10 mL) was cooled with ice N N'- 
caitoony^diimidazole (2.42 g, 1 5.0 mmol) was added to this, and the mixture was stirred with cooling in ice for 30 minutes 
40% Solution of melhylamlne/methanol (2 mL) was added to the mixture and the mixture was stirred further for 30 
minutes^The reaction solution was concentrated under reduced pressure, the residue was combined with water and 
extracted with ethyl acetate. The extract was washed with 1 M hydrochloric acid, 1 M aqueous solution of sodium 
hydroxide and water and then concentrated under reduced pressure. The residue was crystallized from ethyl acetate- 
hexane to obtain the title compound (1 .66 g, yield: 76%). 
Melting point: 132-133 "C 

1H NMR (COCI3) 5 3.04 (3H. d. J = 4.8 Hz). 6.33 (IH. br s), 7.58 (1 H. t. J = 7.8 Hz), 7.78 (1 H. d, J = 7.8 Hz) 8 00-8 08 
(2n, m). 
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REFERENCE EXAMPLE 137 

2,3-Dihydro-6y-dimethoxy-2,2-dimethyl-5-(2-methyl-1-propenyl)ben2ofuran 

5 [0707] 4-Hydroxy-2,3-dimethoxy-6-(2-methyI-2-propenyl)benzaldehyde was obtained from 4-hydroxy-2.3'dimeth- 
* oxybenzaldehyde by the method similar to that in Reference Example 1 . This was converted to 2,3-dihydro-6i7-drmeth- 
Y oxy-2.2-Sdimethyl-5-benzofurancart)oxaldehyde by the method similar to that in Reference Example 3 and converted 
* to the title compound by the method similar to that in Reference Example 5. Yield: 48%. 
An oil. 

10 1H NMR (CDCI3) 5 1 .50 (6H. s). 1 .79 (3H. d, J = 1 .2 Hz). 1 .89 (3H. d, J = 1 .2 Hz). 2.97 {2H. s). 3.73 (3H. s), 3.93 (3H 
s).6.22(1H,s). 6.69(1 H,s). 



REFERENCE EXAMPLE 138 



1 -{1 ,2.3,4.8,9-Tetrahydro-6-methoxy-3,3,8,8-tetramethyl-1 -phenymjro[2,3-hlisoquinolin-2-yl)ethanone 

[0708] To a solution of 1,2.3,4,8,9-tetrahydro-6-methoxy-3.3.8,B-tetramethyl-1-phenylfuro[2,3-h]isoquinollne (503 
mg, 1 .49 mmol) In tetrahydrofuran (5 mL), triethylamine (0.23 mL, 1 .64 mmol) and acetyl chloride (0.1 2 mL, 1 .64 mmol) 
were added, and the mixture was stirred at room temperature for 1 hour. Ice water was poured into the reaction mixture, 
which was then extracted twice with ethyl acetate. The combined organic layer was washed with brine, dried over 
magnesium sulfate, filtered, and concentrated under reduced pressure. The predpitated crystals were recovered by 
filtration, and washed with diethyl ether to obtain the title compound (380 mg, yield: 67%). 
Melting point: 193-195 «C 

1H NMR (CDCI3) 5 1 .25 (3H. s), 1 .59 (3H, s). 1 .61 (3H, s), 1 .72 (3H, s), 2.17 (1 H, d, J = 14.6 Hz). 2.54 (1H, d. J = 14 6 
Hz), 2.27 (3H, s), 3.12 (2H, s). 3.88 (3H, s), 5.81 (1H, br s), 6.66 (1H, s), 7.03 (5H, m), 

REFERENCE EXAMPLE 139 



Phenyl(1,2,3,4.8,94etrahydro-6-methoxy-3,3.8.8-tetramethyl-1iDhenytfuro[2.3-h]isoquinolin-2-yl)metha^ 

[0709] To a solution of 1,2.3,4.8.9-tetrahydro-6-methoxy-3.3.8.8-tetramethyl-1-phenylfuro[2,3-h]isoquinoline (420 
mg. 1 .24 mmol) in tetrahydrofuran (5 mL), triethylamine (0.19 mL, 1 .37 mmol) and acetyl chloride (0.1 6 mL, 1 .37 mmol) 
were added, and the mixture was stirred at room temperature for 3 hours. The reaction mixture was poured into Ice 
water and extracted twice with ethyl acetate. The combined organic layer was washed with brine, dried over magnesium 
sulfate, filtered, and concentrated under reduced pressure. The precipitated crystals were recovered by filtration and 
washed with hexane to obtain the title compound (41 5 mg. yield: 76%). 
Melting point: 190-225 'C 

NMR (CDCI3) 6 1 .42 (3H, s), 1 .50 (3H, s). 1 .57 (3H, s), 1 .75 (3H, s), 2.29 (1 H. d, J = 14.5 Hz). 2.60 (1 H, d J = 1 4 5 
Hz), 2.71 (2H. s), 3.92 (3H. s), 5.85 (1H, s). 6.65 (1H, s), 7.07 (2H, d, J = 8.6 Hz), 7.23-7.27 (3H, m). 7.36 (5H, m). 

EXAMPLE 1 



3,4.8,9-Tetrahydro-6-methoxy-3,3,8,8-tetramethyl-1-phenylfuro[2,3-h]lsoquinoline 

[071 0] A solution of 2,3-dihydro-7-methoxy-2 ,2-dimethyl-5-{2-methyl-1 -propenyl)benzof uran (2.09 g. 9.00 mmol) and 
benzonltrile (1,24 g, 12.0 mmol) in acetic acid (3 mL) was treated dropwise with cone, sulfuric add (1.0 mL) at 10*C, 
and stirred at room temperature for 40 minutes. The reaction mixture was poured into ice water and washed with 
diisopropyl ether. The aqueous layer was neutralized with cone, aqueous ammonia and extracted twice with ethyl 
acetate. The combined organic layer was washed with water and brine, dried over sodium sulfate, filtered, and con- 
centrated under reduced pressure. The residue was subjected to a column chromatography on a basic silica gel (hex- 
ane/ethyl acetate, 1 5:1 followed by 1 0:1 ). and crystallized from hexane to obtain the title compound (1 .55 g yield- 51 %) 
Melting point; 128-129 'C 

IH NMR (CDCy 5 1.25 (6H, s), 1 .30 (6H. s). 2.19 (2H. s). 2.69 (2H, s). 3.92 (3H, s). 6.61 (1H, s). 7,38 (5H, s). 
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: EXAMPLE 2 

3.4.8,9-Tetrahydro-6HTiethoxy-3.3.834etramethyl-H1-naphthyl)furo[2.3-hIisoquta 

5 [07111 The title compound was obtained using l-raphthonitrile by the method similarto that in Example 1 Yield- 49% 
^ Meltihg point: 162-1 64 (ethyl acetate-hexane) 

S. ^HNMR(CDCl3)80.92(3H.s).1.17(3H.s).1.28(3H.s),1.29(1H,d,J=16.3Hz).1.46(3H,s).1 91 (1H d J = 163 

m), /.o 1-7.91 (2n, m). 

EXAMPLE 3 

4-(3.4.8.9-Tetrahydro-6-methoxy-3.3.8.8-tetramethylfuro[2,3-h]isoquinon 

'5 [071 2] The title compound was obtained using 4-cyanophenol by the method similarto that in Example 1 Yield- 48% 
Melting point: 236-239 °C (methanol-diisopropyl ether) ^--^oao. 

MH^T.^S^S H ' flVi^l' ' ^-^^ ^'^^ ^2"' ^-^2 (3"* ^ d. J = 8.4 HZ), 6.60 

\in, S;, / .05 (Zn, fl, J = 8.4 Hz). 

^0 EXAMPLE 4 

3,4,8,9-Tetfahydro-6-methoxy-1-(4-methoxyphenyl)-3.3.8.8-tetramethylfuro[2,3-h]isoquinoline 
25 Sill? 490^^ ^'^'^ compound was obtained using 4-methoxybenzonitrile by the method similar to that in Example 1 , 
Melting point: 151-152 ^'C (ethyl acetate-hexane) 

'^T '^l JJfei'^;,* * * * <'"• * 

^ 30 EXAMPLE 5 

3.4,8.9-Tetrahydro-6-methoxy-1-(2-methoxyphenyl)-3.3,8.8-tetramethylfuro(2,3-h]isoquinoline 
35 Ksi?^ ""^ compound was obtained using 2-methoxybenzonitrile by the method similar to that in Example 1. 
Melting point: 124-125 "C (ethyl acetate-hexane) 

Hz). 7.00 (1H, td. J = 73, 1.0 Hz), 7.21-758 (1H. m). 7.34 (1H. ddd. J = 8.3, 7.6. 1.9 Hz). 
EXAMPLE 6 

(3,4-Dlmethoxyphenyl)^,4,8.9-tetrahydro-1-6-methoxy-3.3.8.8-tetramethylfuro(2.3-hJisoquinoline 

1° Yield IS ""^ ""^""^ "^'"9 3.4-dlmethoxyben2onltrile by the method similar to that in Example 

Melting point: 121-122 ♦C (diisopropyl ether-hexane) 

^Th^Tr «7°S f r^l' ' ^ '° ^ ^-"^ 3-92 <3H. s). 6.61 

(1 H. s), 6.87 (1 H. d. J = 8. 1 Hz). 6.93 (1 H. d. J = 1 .8 Hz). 6.97 (1 H, dd. J = 8. 1 . 1 .8 Hz). 

EXAMPLE 7 

3,4.8.9-Tetiahydro-6^nethoxy-3,3,8.8-tetramethyl-1-(phenylmethyl)furo[2.3:h]isoquinoline 
55 [0^16] The title compound was obtained using phenytacetonitrile by the method similar to that in Example 1 . Yield: 
fif. Melting point: 77-79 (hexane) 

t : • 1H NMR (CDCI3) 5 1 .25 (6H. s). 1 .34 (6H. s). 2.65 (2H. s). 3.06 (2H. s). 3.87 (3H. s). 4.01 (2H. s), 6.54 (1 H. s), 7.06-7.27 



40 



45 



50 



> <EP J270S77AI Jj> 



123 



EP 1 270 577 A1 



(5H, m). 



EXAMPLE 8 



PhenyI(3,43.9-tetrahydro-6-methoxy-3,3.8,8-tetramethylfuro[2,3-h]isoquinolin-1^ 

. [0717]. ' The mother liquor after filtration of the desired material in Example 7 was concentrated under reduced pres- 
sure, the residue was allowed to stand at room temperature, and then crystallized from diisopropyl ether-hexane to 
obtain the title compound. Yield: 7.8%. 
Melting point: 135-137 °C 

1H NMR (CDCI3) 6 1.33 (6H, s), 1.35 (6H, s), 2.66 (2H, s). 2.75 (2H, s). 3.92 (3H, s). 6.60 (1H. s). 7.42-7.53 (2H m) 
7;56-7i^K1^Hvm)v^7s96^;02^(2HvnFO^ 



EXAMPLE 9 



1 -[1 , V-Biphenyl]-4-yl-3,4,8,9-tetrahydro-6-methoxy-3,3,8,8-tetramethylfuro[2.3-h]isoqulnoline 

[0718] The title compound was obtained using 4-cyanobiphenyI by the method similar to that In Example 1 . Yield- 
33%. 

Amorphous. 

1 H NMR (CDCI3) 5 1 .26 (6H, s), 1 .33 (6H, s), 2.32 (2H, s), 2.70 (2H, s), 3.93 {3H. s), 6.63 (1 H, s). 7.32-7,52 (5H, m) 
7.60-7.69 (4H, m). 



EXAMPLE 10 



3,4,8,9-Tetfahydro-6-methoxy-3,3,8,8-tetramethyl-1-(4-methylphenyl)furo[2,3-h]isoquinoline 

[0719] The title compound was obtained using 4-methylben2onitrile by the method similar to that in Example 1 Yield- 
51%. 

Melting point: 158-161 (ethyl acetate-hexane) 

1H NMR (CDCI3) 6 1.23 (6H. s). 1,32 (6H, s). 2.25 (2H. s). 2.39 (3H, s), 2.67 {2H. s), 3.92 {3H. s). 6.60 (1H. s). 7.18 
(2H. d, J = 8.0 Hz). 7.24-7.32 (2H, m). 

EXAMPLE 11 



3,4,8,9-Tetrahydro-6-methoxy-3.3,8,8-tetramethyl-1-(2-methylphenyl)furo[2,3-h]isoquinoline hydrochloride 

[0720] A free base of the title compound was obtained using 2-methylben2onitrile by the method similar to that in 
Example 1 . This was dissolved in methanol, combined with 10% solution of hydrogen chloride/methanol, and concen- 
trated under reduced pressure to obtain the title compound. Yield: 64%. 
Amorphous. 

1H NMR (CDCy 5 1.28 (3H, s). 1 .30 (3H, s). 1 .52 (3H, s). 1.56 (3H, s). 2,01 (2H. s), 221 (3H, s), 2.92 (2H, s). 3.96 
(3H. s), 6.68 (IH, s), 7.15-7.48 (4H. m), 

EXAMPLE 12 



1-(4-Bromophenyl)-3,4,8,9-tetrahydro-6-methoxy-3,3,8,8-tetramethyIfuro[2,3-h]isoquinoline hydrochloride 

[0721] The title compound was obtained using 4-bromoben2onitrile by the method similar to tfiat in Example 11 
Yield: 40%. 

Melting point: 140-145 (ethyl acetate-diethyl ether). 

1H NMR (DMSO-de) 5 1 .25 (6H, s), 1 .43 (6H, s), 2.25 (2H, s), 3.15 (2H. s), 3,94 (3H, s). 7.10 (1H. s), 7.59 (2H, d, J = 
8.6 Hz), 7-89 (2H, d, J = 8.6 Hz). 
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EXAMPLE 13 

3.4.8,9Tetrahydro-6-methoxy-1-(3-methoxyphenyl)-3.3.8.8-tetrame^^^^^ hydrochloride 
5 [0722] The title compound was obtained using 3-methoxyben2onltrile by the method similar to that In Example 11 . 



Yield>49%. 
Amorphous 



10 



IS 



20 



30 



35 



45 



50 



55 



NMR (CDCI3) 5 1.34 (6H.S). 1.48 (6H,brs), 2,30 (2H.S). 2.86 (2H.brs). 3.91 {3H. s). 3.97 (3H s) 667 (1H s) 
6.99-7.10 (2H. m), 7.21 (1H,brs). 7.35 (1H,t, J = 7.9 Hz). ' -^Min.s;. 

EXAMPLE 14 

3,4.8,9-Tetrahydro-6-methoxy-1 .3,3,8,8-pentamethylfuro[2,3-h]lsoquinoline 

[0723] A solution of 2,3Hjihydro-7-methoxy-2.2-dimethyl-5-(2-methyl-1^ropenyl)benzofuran (697 mg 3 00 mL) in 
acetonitnle (0.9 mL) was treated dropwise with cone, sulfuric acid (0,45 mL) with cooling in ice. and stirred at room 
temperature for 22 hours. The reaction mixture was poured Into Ice water and washed with dilsopropyl ether The 
aqueous layer was neutralized with 2 M solution of sodium hydroxide and extracted twice with ethyl acetate The 
combined organic layer was washed with brine, dried overmagnesium sulfate, filtered, and concentrated under reduced 
pressure. The residue was subjected to a column chromatography on a basic silica gel (hexane/ethyl acetate 5 1 ) and 
crystallized from diisopropyl ether-hexane to obtain the title compound (431 mg. yield* 53%) 
Melting point: 112-113 ''C 

1H NMR (CDCI3) 8 1.17 (6H. s). 1.53 (6H, s), 2.30 (3H, s), 2,58 (2H, s), 3.27 (2H. s), 3.90 (3H. s). 6.53 (1H, s). 
25 EXAMPLE 15 

3,4.8,9-Tetrahydro-6-methoxy-3,3.8,8-tetramethyl-1-(4-pyridinyl)furo[2,3-h]isoquinoline 

[0724] A solution of 4-cyanopyridine (31 2 mg. 3.00 mmol) in toluene (1 .5 mL) was treated dropwise with cone, sulfuric 
acid (1 .2 mL) with cooling in Ice. Ice bath was removed, a solution of 2,3-dlhydro-7-methoxy-2.2-dimethyl-5-(2-methyl- 
1 -propenyl)benzofuran (697 mg. 3.00 mmol) in toluene (0.5 mL) was added to the mixture, and the mixture was stiaed 
at 80 X for 45 minutes. The reaction mixture was combined with ice and diluted with water and toluene The organic 
layer was separated, and the aqueous layer was neutralized with cone, aqueous ammonia and extracted twice with 
ethyl acetate. The combined organic layer was washed with water and brine, dried over sodium sulfate, filtered and 
concentrated under reduced pressure. The residue was subjected to a column chromatography on a basic silica gel 
(hexane/ethyl acetate, 3:1) and crystallized from ethyPacetate-hexane to obtain the title compoijnd (294 mg. yield: 
29%). 

Melting point: 1 73-1 75 "C 

^ * ^ ' 2-2^ <2H, s). 2.70 (2H, s), 3.93 (3H. s). 6.63 (1 H. s). 7.35 (2H. d. J = 6.0 

w HZ). 8.67 (2H. d, J = 6-0 Hz). 

EXAMPLE 16 

1-(2-Fluorophenyl)-3.4,8.9.tetrahydro-6-methoxy-3.3.8,84etramethylfuro[2.3-h]isoquinoH hydrochloride 

[0725] A free base of the title compound was obtained using 2-fluorobenzonitrile by the method similar to that in 
Example 15. This was dissolved in ethyl acetate, combined with 0,8 M solution of hydrogen chloride/methanol, and 
concentrated under rechjced pressure to obtain the title compound. Yield: 50%. 
Amorphous. 

NMR (CDCI3) S 1 .33 (3H. s). 1 .38 (3H. s), 1 .61 (3H, s), 1 .81 (3H, s). 2.20 (1 H. d. J = 1 7.0 Hz). 2.32-2.45 (1 H, m) 
2.95 (1H d. J = 16.2 Hz). 3.18 (1H, d, J = 16.2 Hz). 4.02 (3H. s). 6.74 (1H. s). 7.15-7.28 (1H. m). 7.41 (1H. t. J = 7.7 
nz), 7.59-7.76 (2H. m). 

EXAMPLE 17 

3.4.8,9-Tetrahydro-6-methoxy-3,3.8.8-tetramethyl-1-(3-pyridinyl)furo[2,3-h]isoquinoline 

[0726] Cone, sulfuric acid (0.60 mL) was added to a solution of 3-cyanopyridine (31 2 mg. 3.00 mmol) in toluene (1 
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mL) and acetic acid (1 mL) with cooling in ice and ttien a solution of 2.3-dihydro-7-methoxy-2,2-dimethyl-5-(2-methyl- 
1 -propenyl)benzofuran (697 mg, 3.00 mmol) in toluene (0.5 mL) was added to the mixture. The mixture was stirred at 
80 for 1 hour. The reaction mixture was poured into ice water and washed with diisopropyl ether, and the aqueous 
layer was neutralized with cone, aqueous ammonia and extracted twice with ethyl acetate. The combined organic layer 
5 was washed with water and brine, dried over sodium sulfate, filtered, and concentrated under reduced pressure. The 
^ residue was subjected to a column chromatography on a basic silica gel (hexane/ethyl acetate, 5:1) and ccystallized 
Y from diisopropyl ether-hexane to obtain the title compound (301 mg, yield: 30%). 
^ Melting point: 113-114 *»C 

1H NMR (CDCy 5 1.26 (6H. s), 1.32 (6H. s), 2.21 (2H. s). 2.71 (2H, s). 3.93 (3H, s), 6.63 (1H. s), 7.34 (1H ddd J = 
10 7.7, 4.9, 0.8 Hz), 775 (1 H, dt, J = 7.7, 1 .9 Hz). 8.63 (1 H, d, J = 0.8 Hz), 8.65 (1 H, dd, J = 4.9, 1 .9 Hz). 

B(AIWPL€-ia-' 



3,4,8,9-Tetrahydro-6-methoxy-3,3,8,8-tetramethyl-1-(2-pyridinyl)furo[2,3-h]isoquinoline 

[0727] The title compound was obtained using 2-cyanopyridine by the method similar to that in Example 1 7 Yield- 

27%. 

Melting point: 146-147 'C (diisopropyl ether-hexane) 

NMR (CDCI3) 6 1.28 (6H. s). 1.32 (6H, s). 2.15 (2H, s), 2,73 (2H, s). 3.91 (3H. s), 6.60 (IN, s). 7.33 (IN, ddd J = 
7.6, 4.9, 1.4 Hz). 7.56-7.63 (1H, m). 7.99 (1H. td. J = 7.6. 1.8 Hz). 8.63 (1H. ddd, J = 4.9. 1.8. 1.0 Hz). 

EXAMPLE 19 



1-(4-Fluorophenyl)-3,4,8,9-tetrahydro-6-methoxy-3,3,8,8-tetramethylfuro[2,3-h]isoquinoline 

25 

[0728J The title compound was obtained using 4-fluorobenzonitrile by the method similar to that in Example 1 7 Yield* 
44%. 

Melting point: 131-132 *»C (hexane) 

1H NMR (CDCI3) 5 1.24 (6H. s), 1 .33 (6H. s). 2.22 (2H. s). 2.68 (2H. s). 3.92 (3H. s). 6.61 (1H. s). 7.08 (2H t J = 8 8 
30 Hz). 7,39 (2H.dd. J = 8.8. 5.4 Hz). 



EXAMPLE 20 



35 



40 



1-(3-Bromophenyl)-3,4,8,9-tetrahydro-6-methoxy-3,3,8,8-tetramethylfuro[2.3-hJisoquinoline 

[0729] The title compound was obtained using 3-bromobenzonitrile by the method simOar to- that in Example 17 
Yield: 51%. ^ 
Melting point: 108-109 ^'C (hexane) 

IH NMR (CDCI3) 6 1 .24 (6H. s), 1 .34 (6H. s). 2.24 (2H. s). 2.68 (2H. s), 3.92 (3H. s). 6.61 (IH. s). 7.25 (1H, t, J = 7 6 
Hz). 7.34 (IH. dt. J = 7.6, 1 .6 Hz), 752 (IH. dt. J = 7.6. 1.6 Hz), 7.57 (IH. t. J = 1.6 Hz). 

EXAMPLE 21 



^*P.^.8.9-"'etrahydro-6-methoxy-3.3,8,8-tetramethylfuro[2.3-hlisoquinorin-l-yl)ben2enesulf^ 

[0730] The title compound was obtained using 4-cyanobenzenesulfonamide by the method similar to that in Example 
17 Yield: 55%. ^ 

Melting point: 153-168 (decomposition) (ethyl acetate-hexane). 

^H NMR (DMSO-dg) 61.15 (6H. s). 1 .22 (6H, s), 2.22 (2H, s). 2.65 (2H, s). 3.82 (3H, s). 6.83 (1 H. s). 7.54 (2H. d J = 
^ 8.4 Hz). 7.86 (2H.d. J = 8.4 Hz). 

EXAMPLE 22 



6-Ethoxy-3,4.8,9-tetrahydro-3,3,8.8-tetramethyl-1-phenylfuro[2.3-h]isoquinoline 

[0731] The titlecompound was obtained from 7-ethoxy-2.3-dihydro-2.2-dimethyl-5-(2-methyM -propenyl)benzofuran 

and benzonitrile by the method similar to that in Example 17. Yield: 65%, 

Gummy. 
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lHNMR(CDCl3)81.24(6H.s).1.30(6H.s). 1.46(3H.t.J = 7.0H2).2.17(2H.s).2.67(2H s) 4 18 (2H a J-70 
Hz), 6.60 (IH.s). 7.38 (5H.S). ' ^ .H.-i-' o 

EXAMPLE 23 

^ 6-Ethoy-3.4,8.94etrahydrD-1-(4-methoxyphenyf)-3.3,8.8-tetramethyJfuro(2.3 

■ [0732] The title compound was obtained using 7-ethoxy-2.3-dihydro-2,2-dimethyl-5-(2-methyl-1-propenyl)benzo- 
furan and 4-methoxyben2onitrile by tfie method similar to that in Example 1 7. Yield: S5%. 
Melting point: 1 40-1 42 °C (hexane). 

IH NMR (CDCy 5 1 .22 (6H, s), 1 .32 (6H, s), 1 .46 (3H. t. J = 7.0 Hz). 2.26 {2H. s). 2.65 (2H. s). 3 84 fSH s) 4 18 (2H 
qrJ'-7;©M^r6?59^«rs)?©«9©^dfJ^.&4»^^ ' ' 

EXAMPLE 24 

3- (3.4.8,9-Tetrahydro-6-methoxy-3.3.8,8-tetramethylfuro[2.3-hJisoqulnolin-1-yl)ben2olc acid methyl ester 

[0733] Cone, sulfuric acid (1 .8 mL) was added to a solution of methyl 3-cyanobenzoate (2.42 g. 1 5 0 mmol) in toluene 
(15 mL) and acetic acid (8 mL) with cooling in ice and then a solution of 2.3-dihydro-7-methoxy-2^-dimethyl-5-(2-me- 
thyl-1 -propenyObenzofuran (3.49 g. 1 5.0 mmoO in toluene (15 mL) was added to the mixture. Tlie mixture was stirred 
at 80 -C for 1 hour. The reaction mixture was cooled with ice. combined with an aqueous solution containing sodium 
acetate (6.69 g, 81 .6 mmol). and then neutralized with cone, aqueous ammonia and extracted twice with ethyl acetate 
The combined organic layer was washed with water and extracted with 1 M hydrochloric acid 3 times The combined 
aqueous layer was neutralized with cone, aqueous ammonia and extracted twice with ethyl acetate The combined 
organic layer was washed with water and brine, dried over sodium sulfate, filtered, and concentrated under reduced 
pressure. The residue was subjected to a column chromatography on a basic silica gel (hexane/ethyl acetate 101) 
and crystallized from ethyl acetate-hexane to obtain the title compound (2. 1 8 g Yield- 37%) 
Melting point: 137-138 "C. 

1H NMR (CDCI3) S 1.26 (6H, s). 1.30 (6H. s), 2.16 (2H, s), 2.70 (2H. s), 3.92 (3H. s), 3.93 (3H s) 6 63 (1H s) 7 48 
(1H, t, J = 7.8 Hz), 7.62 (IH.dt, J = 7.8, 1.5 Hz). 8.05-8.12 (2H,m). v . /. • 

EXAMPLE 25 

4- (3.4.8.9-Tetrahydro-6-methoxy-3,3,8,8-tetramethylfuro[2.3-h]isoquinolin-1-yl)benzoic acid methyl ester 

[0734] The title compound was obtained using methyl 4-cyanobenzoate by the method similar to that in Example 

24. Yield: 48%. ^ 

Melting point: 150-152 ''C (diisopropyl ether-hexane). 

l2^d!] ^BSHZ) (2H fjfs 6^H2?' ^'^^ ^'^^ ^'^^ ^'^^ ^'^ '^'^^ 

EXAMPLE 26 

4-(6-Ethoxy-3.4,8,9-tetrahydro-3,3,8.8-tetfamethylfuro[2,3-hJisoquinolin-1-yO^ acid methyl ester 

£0735] The title compound was obtainedfrom 7-ethoxy-2,3-dihydro-2,2KJimethyI-5-(2-methyl-1 -propenyl)benzofuran 
and methyl 4-cyanoben2oate by the method similar to that in Example 24. Yield: 43% 
Melting point: 81 -85 °C (hexane). 

1H NMR (CDCI3) 6 1 .25 (6H, s). 1 .30 (6H. s). 1 .46 (3H. t. J = 7.0 Hz). 2.15 (2H, s). 2.68 (2H. s), 3.95 (3H, s). 4.18 (2H, 
q, J = 7.0 Hz), 6.61 (1H. s). 7.48 (2H. d, J = 8.3 Hz), 8.07 (2H. d. J = 8.3 Hz). 

EXAMPLE 27 

4-(3,4,8,9-Tetfahydro-6-methoxy-3.3,8.8-tetramethylfuro[2,3-h]isoquinolin-1.^^^ 

[07361 Cone, sulfuric acid (3.6 mL) was added to a suspension of N.(4^anophenyl).2.2.2-trifluoroacetamide (6 43 
9. 30.0 mmol) in toluene (30 mL) and acetic acid (1 5 mL) with cooling in ice and then a solution of 2,3<iihydro.7-methoxy- 
2.2Hfimethyl-5-(2.methyl-1.propenyl)ben2ofuran (1 0.5 g, 45.2 mmol) in toluene (20 mL) was added to the mixture The 
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mixture was stirred at 80 °C for 1 hour. The reaction mixture was cooled with ice and combined with water and a small 
amount of methanol, and the organic layer was separated, and the aqueous layer was washed with dilsopropyl ether, 
neutralized with cone, aqueous ammonia, and extracted twice with ethyl acetate. The combined organic layer was 
washed with water and concentrated under reduced pressure. The residue was dissolved rn ethanol (30 mL), combined 
with 2 M aqueous solution of sodium hydroxide (1 5 mL, 30 mmol), and heated under reflux for 40 minutes. The reaction 
mixtore was concentrated under reduced pressure, and the residue was combined with water and extracted twice with 
ethyl acfetate. The combined organic layer was washed with water and brine, dried over sodium sulfate. fUtered, and 
concentrated under reduced pressure. The residue was subjected to a column chromatography on a basic silica gel 
(hexane/ethyl acetate 1 :1 ) and reciystalllzed from ethanol-diisopropyl ether to obtain the title compound (6 32 q Yield* 
60%). V • 

Melting point: 192-195 'C. 
lH-1vIMa<<!>©Gl3>^.1.21 {6ft^^ 

6.68 (2H, d. J = 8.5 Hz). 7.21 (2H, d. J = 8.5 Hz). ' ' 



EXAMPLE 28 



3-(3.4,8.9-Tetrahydro-6HTTethoxy-3.3.8.84etraniethylfuro[2.3-h]isoqulnolin-1-yl)benzenamln 

[0737] A solution of 3-aminobenzonltrile (9.48 g, 80.2 mmol) in toluene (1 00 mL) and acetic acid (80 mL) was cooled 
with ice, cone, sulfuric acid (16 mL) was added dropwise thereto, and then 1-(2,3-dihydro-7-methoxy-2,2-dimethyl- 
5-benzofuranyl)-2-methyl-1-propanol (22.1 g, 88.3 mmol) was added in portions thereto. The resultant mixture was 
stirred at 85 «C for 1 hour. Ethanol was added dropwise to the reaction mixture, which was then stirred at the same 
tempe.fBture for 45 minutes. The resultant mixture was cooled and then combined with water to separate an aqueous 
layer, and the organic layer was extracted with water. The combined aqueous layer was neutralized with cone, aqueous 
ammonia and extracted twice with ethyl acetate. The combined organic layer was washed with water, and then extracted 
twice with a 1 0% aqueous solution of acetic acid. The combined aqueous layer was neutralized with cone, aqueous 
ammonia and extracted twice with ethyl acetate. The combined organic layer was washed twice with water and con- 
centrated under reduced pressure. The residue was subjected to a column chromatography on a basic silica gel (hex- 
ane/ethyl acetate. 4:1 followed by 1:1) and aystallized from ethyl acetate-hexane to obtain the title compound (12 7 
g. Yield: 45%), 
Melting point: 131-134 *C. 

NMR (CDCI3) 6 1.26 (6H, br s). 1.33 (6H. s). 2.33 (2H. s). 2.67 (2H. s), 3.69 (2H. brs). 3.91 (3H. s), 6.59 (1H. s) 
6.66-6.77 (3H. m). 7.09-7.1 9 (1 H. m). 

(Alternative synthetic method) 

[0738] A solution of 1-(2,3-Dihydro-7-methoxy-2,2-dimethyl-5-benzofuranyl)-2-methyl-1 -propyl acetate (907 mg, 
3.10 mmol) and 3-aminobenzonitrile (440 mg, 3.72 mmol) in toluene (5 mL) was heated at 85X, a solution of cone! 
sulfuric acid (0.56 mL) in acetic acid (3 mL) was added dropwise thereto, and the mixture was stin-ed at the same 
temperature for 1.5 hours. Ethanol was added dropwise to the reaction mixture, which was then stirred at the same 
temperature for 1 hour. The resultant mixture was cooled with ice and combined with water to separate an aqueous 
layer, and the organic layer was extracted with water. The combined aqueous layer was neutralized with cone, aqueous 
ammonia and extracted twice with ethyl acetate. The combined organic layer was washed with water, and then extracted 
twice with a 10% aqueous solution of acetic acid. The combined aqueous layer was neutralized with cone, aqueous 
ammonia and extracted twice with ethyl acetate. The combined organic layer was washed twice with water and con- 
centrated under reduced pressure. The residue was crystallized from diethyl ether-hexane to obtain the title compound 
(373 mg. Yield: 34%). 



EXAMPLE 29 



3-(3.4,8.9-Tetrahydro-6-methoxy-3,3.8,8-tetramethylfuro[2.3-h]isoquinolin-1-yl)benzenamine dihydrochloride 

[0739] 3-{3,4,8.9-Tetrahydro-6-methoxy-3.3,8.8-tetramethylfuro[2.3-h]isoquinolin-1-yl)benzenamine (351 mg. 1.00 
mmol) was dissolved in ethyl acetate (10 mL). combined with 0.8 M hydrogen chloride/methanol (3 mL). and concen- 
trated under reduced pressure. The residue was recrystallized from ethanol-diisopropyl ether to obtain the title com- 
pound (401 mg. Yield: 95%). 
Melting point: 176-180 •C. 

^H NMR (DMSO-de) 5 1.26 (6H. brs). 1 .43' (6H. s). 2.23-2.38 (2H. m). 3.15 (2H, brs). 3.94 (3H. s). 6.80-7.22 (3H. m). 
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7.09 (1H. s), 7.30-7.48 (1H. m). 
EXAMPLE 30 

N-[3-(3,4,8.9-Tetrahydro-6-methoxy-3.3.8.8-tetramethylfuro[2.3-h]iso^ 

\ 10740] ' A solution of 3-(3,4.8.9-tetrahydro-6-methoxy-3.3,8,8-tetramethylfuro[2,3-h]isoquino«n-1 -yl)ben2enamine 
^ M .Tf ^ triethylamine (0. 1 7 mL. 1 .2 mmol) in tetrahydrofuran (3 mL) was treated dropwise with acetyl 

chlonde (78 jiL, 1 .1 mmol) with cooling in ice. and stirred at the same temperature for 10 minutes. The reaction mixture 
was combined with water and a saturated aqueous solution of sodium hydrogen carbonate and extracted twice with 
ethyl acetate. The combined organic layer was washed with water and brine, dried over sodium sulfate filtered and 
eoncentrated>OTdePr«dBced.prBssttiief>The:TOsti1tant-ciystals^weP^ 
compound (305 mg, Yield: 78%). 
Melting point: 246-247 °C. 

^ '-^^ ^-^^ 2 (3H. S). 2.28 (2H. s). 2.62 (2H. s). 3.81 (3H, s). 6.80 (1H s) 

6.96-7.04 (1H.m). 7.31 (1H.t, J =7.9 Hz). 7.55-7.67 (2H.m). 9.99 (IH.brs). ^('".^h 

EXAMPLE 31 

2.2,2-Trifluoro-N-[3-(3.4.8.9-tetrahydro-6-methoxy-3.3.8,8-tetramethylfuro[2.3-hlisoguinolin-1-yl)phenyl]acetamide 

[0741 J The title compound was obtained using trifluoroacetic anhydride by the method similar to that in Examole 30 

Yield: 86%. 

Melting point: 241-242 °C (ethyl acetate-diisopropyl ether). 

1H NMR (DMSO-de) 5 1.14 (6H. s). 1.21 (6H. s). 2.28 (2H. s). 2.63 (2H. s), 3.82 (3H. s). 6.82 (1H. s). 7.17-7.25 (1H 
m). 7.45 (1H. t, J = 7.7 Hz), 765-7.78 (2H. m), 11 .31 (1H. brs). . ' ^ ' 

EXAMPLE 32 

N-(3-(3.4.8.9-Tetrahydro-6-m6thoxy-3,3,8.8-tetramethylfuro[2.3-h]isoquinolin-1-yl)phenyl]methanesulfonamide 

[0742] The title compound was obtained from 3-(3.4.8,9-tetrahydro-6-methoxy-3.3.8.8-tetramethylfuro[2.3-h]isoqui- 
nolin-1 -yl)benzenamine and methanesulfonyl chloride by the method similar to that in Example 30 Yield- 58% 
Melting point: 245-247 'C (ethanol). 

iHNMR(CDCy8l.27(6H.brs).1.33(6H.s).2.24(2H,s).2.71 (2H, s). 2.88 (3H, s), 3.92 (3H, s). 6.61 (1H s) 715 
(1H.dt.J = 6.3. 1.9Hz). 7.19-7.23(1H.m).7.26-7.40(2H,m). . o.omim. s,, /.li, 

EXAMPLE 33 

2.2.2-Trifluoro-N-{4-(3.4,8.9-tetrahydro-6-rnethoxy-3.3,8.8-tetramethylfuro[2,3-hlisoquinolin-1-yl)phenyl]acetamide 

10743] ^The title compound was obtained from 4-(3,4.8.9-tetrahydro-6-methoxy-3,3.8.8-tetramethylfuro[2.3-hlisoqui- 
nol in-i -yObenzenamine and trifluoroacetic anhydride by the method similar to that in Example 30. Yield- 89% 
Melting point: 117-123 "C (ethyl acetate-diisopropyl ether) 

H^^W r« ^ ^ ff^' ^ 2-^9 (2H. S). 3.92 (3H. s). 6.62 (1 H. s). 7.39 (2H, d. J = 8.6 

Hz), 7.56 (2H. d. J = 8.6 Hz), 8.30-8.60 (1H. br). 

EXAMPLE 34 

N-(4-(3.4.8,9-Tetrahydro-6-methoxy-3,3,8,8-tetramethylfuro[2.3-hJisoquinolin-1-yl)phenyl]acetamide 

[0744] The title compound was obtained from 4-(3.4.8.9-tetrahydro-6-methoxy-3.3.8.8-tetramethylfuroI2.3-hJisoqui- 
noiin-1 -yl)benzenamine and acetyl chloride by the method similar to that in Example 30 Yield- 90% 
Melting point: 1 1 9-1 23 "C (ethyl acetate-diisopropyl ether). 

1H NMR (COCW S 1.23 (6H. s). 1 .32 (6H, s). 2.19 (3H, s). 2.27 (2H, s), 2.68 (2H. s). 3.92 (3H. s), 6.61 (1H, s). 7.35 
(2H,d.J = 8.5Hz),7.44(1H.brs).7.54(2H.d.J = 8.5Hz) 
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EXAMPLE 35 

3-(3,4,8.9-Tetrahydro-€-methoxy-3.3.8,8-tetramethylfuro[2,3-hlisoquinolin-1-^^^ acid phenyl ester 

5 [0745] The title compound was obtained using phenyl chlorofonmate by the method similar to that in Examoie 30 
Yield- 88%. 

Melting'point: 155-164 (ethyl acelate-hexane). 

^HNMR(CDCl3)5l,26(6H.brs). 1. 32 (6H, s), 2.30 (2H.s). 2.69 (2H.br s). 3.92 (3H,s), 6.60(1 H.s). 7 05-711 (1H 
m). 7.13-7,57 (9H,m). / - v . 

EXAMPLE 36 

Ni3-(3.4.8,9-Tetrahydro-6-methoxy-3,3.83-tetramethylfuro[2,3-h]lsoquinolin-1-yl)phenyl]ben2^^ 

[0746] The title compound was obtained from benzoyl chloride by the method similar to that in Example 30 Yield* 
93%. 

Melting point: 124-130, 174-176 (ethyl acetate-hexane). 

NMR (CDCI3) 6 1.21 (6H, br s), 1 .33 (6H. s). 2.35 (2H. s). 2.65 (2H, s). 3.92 (3H. s). 6.60 (1H, s), 7,12 (1H dt J = 
7.8, 1 .3 Hz). 7.38 (1 H. t, J = 7,8 Hz), 7.41 -7.60 (4H. m), 7.82-7.98 (3H, m). 8.26 (1 H, br s). 

EXAMPLE 37 

2-ChIoro-N-[3-(3.4,8,9-tetrahydro-6-methoxy-3,3.8,8-tetramethylfuro[2,3-h]isoqulnolin-1-yl)phenynacet^ 

[0747] The title compound was obtained using chloroacetyl chloride by the method similar to that in Example 30 
Yield: 86%. 

Melting point: 205-207 (ethyl acetate-diethyl ether). 

1H NMR (CDCy 6 1.24 (6H, br s). 1.32 (6H, s), 2.28 (2H, s), 2,68 (2H. s). 3.92 (3H. s), 4.18 {2H. s), 6 61 (1H s) 
7.12-7,19 (1H. m), 7.37 (1H, t. J = 7.9 Hz). 7,46 (1H, t. J = 1.7 Hz), 7.73-7.80 (IN. m), 8.37 (1H. br s). 

EXAMPLE 38 

2-(Methylthio)-N-(3-(3.4.8,9-tetrahydro-6-methoxy-3,3,8.8-tetramethylfuro[2.3-hlisoquinolin-1-yOphenylJ^^^^ 

[0748] A suspension of 2-chloro-N-[3-(3,4,8,9-tetrahydro-6-methoxy-3,3,8,8-tetramethylfuro[2,3-h]isoquinolin-1-yl) 
phenyljacetamide (2.20 g, 5.15 mmol) in N,N-dimethylfonnamide (15 mL) was treated dropwise-with a 15% aqueous 
solution of methylmercaptan sodium salt (3.1 g, 6.6 mmol) slowly, and stirred at 60 °C for 40 minutes. The reaction 
mixture was combined with water, and extracted twice with ethyl acetate. The combined organic layer was washed 
twice with water, and concentrated under reduced pressure. The residue was crystallized from ethyl acetate-diethyl 
ether to obtain the title compound (1 .92 g, yield: 85%). 
Melting point: 139-141 °C, 

^H NMR (CDCI3) 5 1 .25 (6H, br s). 1 .32 (6H. s), 2.1 9 (3H, s), 2.29 (2H, s). 2.69 (2H. s), 3.34 (2H. s), 3.92 (3H. s), 6.61 
(1H, s), 7.12 (1H, dt, J = 7.9, 1.1 Hz), 736 (1H, t, J = 7.9 Hz). 7.44 (IH, t, J = 2.0 Hz). 7.84 (1H, ddd, J = 7.9. 2.0. 1 1 
Hz), 8.81 (1H.br s). 

EXAMPLE 39 

2-(Methylsulfinyl).N-[3-(3.4.8,9-tetrahydro-6-methoxy-3.3,8,8-tetramethytfuro[2.3-h]isoquinolin-1-yl)phenyll 
acetamide 

[0749] A suspension of 2-(methylthio)-N-[3>(3,4,8,9-tetrahydro-6-methoxy-3.3.8.8-tetramethyff uro[2,3-h]isoquinolin- 
1-yl)phenyljacetamide (1 .37 g, 3.12 mmol) in methanol (15 mL) was treated dropwise with a solution of sodium meta- 
periodate (1.67 g, 7,81 mmol) in water(10 mL) slowly, and stirred at room temperature for 16 minutes. The reaction 
mixture was combined with water and a saturated aqueous solution of sodium hydrogen carbonate, and extracted 
twice with ethyl acetate. The combined organic layer was washed twice with water, and con(»ntrated under reduced 
pressure. The residue was subjected to a column chromatography on a basic silica gel (hexane/ethyl acetate, 1:1 
followed by ethyl acetate/methanol 1 0:1 ) and crystallized from ethyl acetate-diethyl ether to obtain the title compound 
(1.02g.rield:72%). 
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Melting point: 198-201 "C. 

1H NMR (CDCI3) 51 .23 (6H. br s), 1 .32 (6H, s). 2.28 (2H. s). 2.68 (2H. s). 2.76 (3H. s). 3.38 (1 H. d J = 14 6 Hz) 3 87 
(1H. d. J = 14.6 HZ). 3.92 (3H. s). 6.60 (1H. s). 7.12 (1H. dt. J = 7.8. 1 .3 Hz). 7.33 (1H. t. J = 7 8 Hz) 7 46 7 M 
m), 7.66-7.75 (IN. m), 9.21 (1H. brs). v . t. ^ /.o nz), A53 (1H. 

EXAMI?LE40 

2KMethylsulfonyl).N<3-(3.4.8,9-tetrahydro-6-methoxy.3,3.8.8.^^^ 

acetamide j 7 1 

[0750] Asuspension2^(methylthio)-N^3-(3.4,8.9-tetrahydro-6-methoxy-3.3,8.8-tetramethy^ 

tapenodate (1 .43 g. 6.69 mmol) in water (10 mL) and heated under reflux for 24 hours. The reaction mbrture was 
combined wrth water and a saturated aqueous solution of sodium hydrogen ca*onate. and extracted twice with chlo- 

t«^" ^® "^'"^ ^^^'""^ ""^ '^"^'^ ^o'^'"'" sulfate, filtered and concen- 

trated under reduced pressure. The residue was subjected to a column chromatography on a basic silica gel (hexane/ 
ethyl acetate. 1 : 1 . 1 :3 followed by 1 :20) and crystals were washed with a mixture orethyl acetate and^eS eSS^S 
obtain the title compound (239 mg. Yield: 25%). uieuiyi einer lo 

Melting point: 135-140 'C. 

iHNMR(DMSO-d6)81.14(6H.s).1.22(6H.s). 2.29 (2H.s).2.63(2H.s).3.16(3H.s). 3.81 (3H s) 427 (2H si 6 81 
(IH. s). 7.10 (1 H. d. J = 7.7 HZ). 7.38 (1H. t. J = 7.7 Hz). 7.59 (1 h! d. J = 7.7 Hz). 7.66 (1H. r; o.kto H br J.' 

EXAMPLE 41 

3-(Methyfthio)-N-(3-(3.4.8.9-tot,ahydro-6-methoxy-3.3,8.8-tetramethylfuro[2.3-h]isoquinolin-1-yl)phenyl^ 
Melting point: 195-197 "C (ethyl acetate-diethyl ether) 

)?u^!^?^^u"l*^-^®^^"''"*'' 1-32 (6H.S), 2.16 (3H.S). 2.29 (2H.S). 2.61 (2H. t. J = 7.0 Hz). 2.68 (2H brs) 2 86 
7^^)' ; 9? "l H. br'^"' '-'^ ' = ^-^-^-^^ ^-^2 (1 H. s). 7.72 (1 H d J = 

EXAMPLE 42 

3-(Methylsulfinyl)-N-[3-(3.4.8.9-tetrahydro-6-methoxy-3.3.8.8-tetramethylfuro^^ 

propanamide ^ /r ^ j 

Ho •'"®.~"['P°""f *as Obtained from 3-(methylthio)-N-[3-(3,4.8.9-tetrahydro-6-methoxy-3.3,8,8-tetrameth- 
ynuro[2.3-h]isoquinolin-1-yOphenyllpropanamide by the method similar to that In Example 39 Yield- 83% 
Melting point: 178-1 79 "C (ethyl acetate-diethyl ether) 

9 27 OH tJs) * ' = ^^^-^-^ 7.72 (1 H. d. J = 8.0 Hz). 

EXAMPLE 43 

N^4-(3.4.8.9-Tetrahydro-6-methoxy-3.3.8.8-tetramethylfuro[2.3-hlisoquinolin-1-yl)phenyl]methanesulfonamlde 

MO?!, • °' tl^'^'^'^-'^^'^''y''^''-6-'"«'''°'^-3.3.8.8-tetrBmethylfuro[2.3-hIisoquinolin-1 -yl)benzenamine 

(1 .05 g. 3.00 mmol) in pynd.ne (7 mL) was treated dropwise with methanesulfonyl chloride (0.50 mL. 6 5 mmol) with 
cooling in ice. and stirred at the same temperature for 1 hour and at room temperature for 80 minut;s ThTIeS 

Wrth ethyl acetate. TTie combined organic layer was washed with water and brine, dried over sodium sulfate filtered 
s."tTnS^ under reduced pressure. The residue was suspended in toluene, concentrated under reduced pres- 
sure, and then recrystaliized from ethanol-diethyl etherto obtain the title compound (500 mg Yield- 39%) 
Melting point: 235-237 °C. 

IH NMR (CDCy 5 1.25 (6H. s). 1.33 (6H, s). 2.24 (2H. s). 2.69 (2H. s). 3.00 (3H. s). 3.92 {3H. s). 6.61 (IH. s). 7.21 
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(2H. d, J = 8.8 Hz), 7.38 (2H, d. J = 8.8 Hz). 



EXAMPLE 44 



N-(MethylsulfonyO-N-[4-(3,4,8,9^etrahydro-6-methoxy-3,3.8,8-tetramethyIfuro[2,3-hl 
methanesulfonamide 

[07541 A suspension of N^4-(3,4.8,94etrahydro-6wTiethoxy 3.3,8,8-tetramethylfuro(2,3-h]isoqulnolin-1-yl)phenyn 
methanesulfonamide (564 mg, 1 .32 mmol) and triethylamine (0.55 mL, 3.9 mmol) in tetrahydrofuran (6 mL) was treated 
dropwise with methanes ulfonyl chloride (0.20 mL. 2.6 mmol), and stin-ed at 70 for30 minutes. The reaction mixture 
was combined with water and a saturated aqueous solution of sodium hydrogen carbonate, and extracted twice with 
ethyls aGetate?:Thecombined^orgaBiGHayerwas^ashfed''twic^^ 

The residue was subjected to a column chromatography on a basic silica gel (hexane/ethyl acetate, 3:1 followed by 
1:1) and recrystallized from ethyl acetate-ethyl ether to obtain the title compound (464 mg Yield- 68%) 
Melting point: 223-225 

1H NMR (CDCI3) 6 1.26 (6H, s), 1.30 (6H, s). 2.14 (2H. s), 2.70 (2H. s), 3.41 (6H. s), 3.92 {3H, s). 6.62 (IH. s). 7 39 
(2H.d,J = 8,6Hz),7.50 (2H.d, J = 8.6Hz). ^ . • 

EXAMPLE 45 



N-(MethylsulfonyO-N-[3-(3,4.8,94etrahydro-6-nhethoxy-3,33.8-tetramethylfuro[2,3-h^^^^ 
methanesulfonamide 

[0755] The title compound was obtained from 3-(3.4.8,9-tetrahydro^-methoxy-3.3,8,8-tetramethylfuro[2^-h]isoqul- 
nolin-1 -yl)ben2enamine by the method similar to that In Example 44. Yield: 63%. 
Melting point: 192-195 °C (acetone-hexane). 

1H NMR (CDCI3) 5 1.25 (6H,brs), 1.32 (6H.S). 2.05-2.55 (2H,m), 2.70 (2H.brs), 3.41 (6H. s), 3.92 (3H s) 6 61 (IH 
s). 7.29 (IH. t. J = 1.7 Hz). 7.38 (IH. dt. J = 7.5, 1 .7 Hz). 7.53 (IH. t. J = 7.5 Hz). 7.61 (IH. dt. J = 7.5. 1.7 Hz). 

EXAMPLE 46 



N-(4-(3.4.8.9-Tetrahydro-6-methoxy-3.3,8.84etramethylfuro[2,3-h]isoquinolin-1-yl)phenyl]-3-pyridlnecar^ 

[0756] NicotinoyI chloride hydrochloride (712 mg. 4.00 mmol) was added to a solution of 4-(3.4.8 9-tetrahydro- 
6-methoxy-3.3,8.8-tetramethylfuro[2,3-h]isoquinolin-1-yl)benzenamine (701 mg, 2.00 mmol) and 4-dimethylaminopy- 
ndine (61 1 mg. 5.00 mmol) in N.N-dimethylfonnamide (10 mL) and the mixture was stirred at rootn temperature for 20 
minutes. The reaction mixture was combined with water and a saturated aqueous solution of sodium hydrogen car- 
bonate, and extracted twice with ethyl acetate. The combined organic layer was washed twice with water, and con- 
centrated under reduced pressure. The residue was subjected to a column chromatography on a basic silic^ gel (hex- 
ane/ethyl acetate, 2:1 followed by 1:3) and crystalfized from ethyl acetate-hexane to obtain the title compound (181 
mg. Yield: 20%). ^ 
Melting point: 130-137 **C. 

IH NMR (CDCI3) 6 1 .25 (6H, s). 1 .33 (6H, s), 2.31 (2H. s), 2.69 (2H, s), 3.93 (3H. s). 6.62 (1 H, s). 7.38-7.51 (IH m) 
7.42 (2H. d, J = 8.6 Hz). 7.70 (2H. d. J = 8.6 Hz), 8.21 (IH. br s), 8.25 (IH. dt. J = 8.0. 2.0 Hz). 8.79 (1 H. dd. J = 4 S 
1.4 Hz). 9.14 (IH, dd, J = 2.6. 0.8 Hz). 



EXAMPLE 47 



Ni3-(3,4,8,9-tetrahydro-6HTiethoxy-3.3.8.8-tetramethylfuro[2.3-h]isoquinolin-1-yl)phenyl]^.pyridine^ 

[0757] The title compound was obtained from 3-(3.4,8.9.tetrahydro-6-methoxy-3.3.8,8-tetramethylfuro[2.3-hlisoqui- 
nolin-1-yl)benzenamine and isonicotinoyi chloride hydrochloride by the method similar to that in Example 46 Yield* 
83%. r • • 

Melting point: 233-236 ''C (ethyl acetate-diethyl ether). 

1 H NMR (CDCI3) 51.17 (6H. br s), 1 .33 (6H. s). 2.33 (2H, s), 2.60 (2H, s), 3.92 (3H, s), 6.59 (1 H, s), 7.13 (1 H d J = 
7.7 Hz). 7.36 (IH. t. J = 7.7 Hz), 7.51-7.56 (IH. m). 7.71 (2H. d. J = 6.1 Hz). 7.86-7.93 (IH, m). 8.76 (2H. d. J J 6 1 
Hz), 8.98 (IH, br s). 
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EXAMPLE 48 

Ni3-(3A8.9-Tetrahydro-6-methoxy-3.3.8.8^etramethylfuro[2,3+]isoquinolin-1-yl)phe 

[0758] The title compound was obtained from 3-(3.4,8.9-tetrahydro-6-methoxy-3,3.B.8-tetramethylfuro(2 3-hlisoqui- 
* nolin-i -yl)benzenamine and picoiinoyi chloride hydrochloride by the method similar to that in Example 46 Yield- 86% 
Melting point; 179-183 "C (ethyl acetate-hexane). »- . . 

1H NMR(CDCl3) 5 1.26 (6H.brs), 1.32 (6H.S), 2.32 (2H,s), 2.70 (2H.S), 3.92 (3H.S). 6.61 (1H s) 715(1H d J- 
7.8H2),7.41 (1Ht.J = 8.1 Hz), 7.44 (IH.m). 7.71 (IH.t. J = 1.8 Hz), 7.86-7.96 (1H,m),7.97-8.o:K Hm) 8^6^ si 
(1H,m).8.60(1H.dt.J = 4.7.0.7H2).10.12(1H.brs). w m, m,. 8.26^.32 

&XAMPbE>48'< 

N-[4-(3.4.8.9-Tetrahydro-6-methoxy-3,3.8.8-tetramethylfuroI2.3-hJisoquinolin-1-yl)phenyl]-4-pyridinecarboxamide 

£0759] -me aie-compound was obtained using isonicotinoyi chloride hydrochloride by the method similar to that In 
Example 46. Yield: 90%. 

Melting point: 159-163 'C (ethyl acetate-dlethyl ether). 

l^x'^S^TJ^^^^ ^ ^ ' 2-^° 2-69 (2H. s), 3.93 (3H. s), 6.62 (1H. s). 7.42 (2H. d. J = 8.4 

Hz). 7.69 (2H. d. J = 8.4 Hz). 7.75 (2H. d. J = 6.2 Hz). 8.21 (1 H. br s), 8.81 (2H. d. J = 6.2 Hz). I • • 

EXAMPLE 50 

N-[3-(3.4,8.9-Tetrahydro-6-methoxy-3.3.8.8-tetramethylfuro[2.3-h]isoquinolin-1-yl)phenylJ-3-pyridinecarboxamide 

[0760] A solution of sodium carbonate (466 mg. 4.40 mmol) in water (4 mL) was added to a solution of 3-(3 4 8 9-tet- 
rahydro.6-methoxy.3.3,8,8-tetramelhylfuro(2,3-h]isoquinolin-1-yl)benzenamine (701 mg, 2.00 mmol) in tetrahydro- 
uran (4 mL). NicotlnoyI chloride hydrochloride (392 mg, 2.20 mmol) was added to the mixture with cooling in ice and 
the mixture was stirred at room temperature for 20 minutes. Furthemiore a solution of sodium carbonate (466 mg 4 40 
mmol) in water (2 mL) and nicotinoyi chloride hydrochloride (392 mg. 2.20 mmol) were added to the mixture and the 
mature was stirred at room temperature for 15 minutes. The reaction mixture was combined with water and extracted 
twice with ethyl acetate. The combined organic layer was washed with water and brine, dried over sodium sulfate 
fmered, and concentrated under reduced pressure. TTie residue was crystallized from ethyl acetate-hexane to obtain 
the tide compound (783 mg, Yield:86%). 
Melting point: 213-219 "C. 

1H NMR (COCI3) 51.16 (6H, br s). 1 .33 (6H, s). 2.34 (2H. s), 2.60 (2H, br s). 3.92 (3H. s). 6.58 (1 H s) 7 09-7 1 8 (1 H 
Hz), 8.88-9.10 (IH.m). 9.08 (IH.d. J = 1.6 Hz). v . . 

EXAMPLE 51 . , 

N-(3-Pyridinecarbonyl)-N-[3-(3,4.8,9-tetrahydro-6-methoxy-3,3,8,8-tetramethylfuro[2.3-hlisoquinolin-1-y^ 
glycine methyl ester / j 

[0761] Sodiumhydride(66%suspenslonino!l)(0.22g,6.1 mmol) was added to a solution of N-[3-(3,4 8 9-tetrahydro- 
6-memoxy-3.3.8,8-tetramethylfuro[2,3-h]lsoquinolin-1-yl)phenyl]-3-pyridinecarboxamide (1.37 g, 3 01 mmol) in N N- 
dimethylfomamide (1 0 mL) with cooling in ice. and the mixture was stirred at room temperature for 1 0 minutes Methyl 
bromoacetete (0.62 mL, 6.5 mmol) was added to the mixture and the mixture was stirred at room temperature for 30 
minutes The reaction mixture was poured into a saturated aqueous solution of ammonium chloride, and extracted 
njflce with ethyl acetate. The combined organic layer was washed with water and brine, dried over sodium sulfate 
filtered, and concentrated under reduced pressure. The residue was subjected to acolumn chromatography on a basfc 
silica gel (hexane/ethyl acetate 2: 1 . 1 :1 followed by 1 :2) to obtain the title compound (1 .1 2 q Yield- 71 %> 
Amorphous. » a> • /• 

1H NMR (CDCI3) 5 1 .23 (6H, br s). 1.36 (6H, s). 2.09 (2H, br s). 2.67 (2H. br s). 3.79 (3H. s), 3.92 (3H, s) 4 66 (2H 
br s). 6.00 (1 H. s). 7.1 0-7.30 (4H. m). 7.36 (1 H, br s), 7.82 (1 H, dt. J = 8.0. 2.0 Hz), 8.49 (1 H. dd. J = 4.9. 1 7 Hz) 8 55 
(In, d, J = 2.0 Hz). 
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EXAMPLE 52 



N-Methyl-N43-(3.4.8.94etrahydro-6-methoxy-3.3.8.8-tetramethylfuro[2.3-h]isoqu 
3-pyridinecarboxamide 

[0762] The title compound was obtained using iodomethane by the method similar to that in Example 51 . Yield- 69% 
Melting polnt: 151-153 (ethyl acetate-hexane). 

NI\4R (CDCI3) 6 1 .23 (6H, br s). 1 .36 (6H, s), 2.08 (2H. br s). 2.67 (2H, br s). 3.54 (3H. s) 3 92 (3H s) 6 61 (1 H 
s). 6.99-7.07 (1 H, m), 7.1 3-7.37 (4H. m). 7.76 (1 H, dt, J = 7.9. 1 .8 Hz). 8.47 (1 H. dd. J = 4.9, 1 .8 Hz). 8.5o'.8.54 (1 H. m)! 

EXAMPLE 53 



NH3-Pyndinylmethyl)4sl-[3-(3,4.8,9-tetrahydro-6-methoxy-3.3.8,8-tetramethylfuro[2.3-hJis 
benzamide 

15 

[0763] The title compound was obtained from N-[3-(3,4,8,9-tetrahydro-6-methoxy-3,3.8.8-tetiamethylfuro[2,3-h]iso- 
quinolin-1-yl)phenyl]benzamide and 3-chloromethylpyridine by the method similar to that In Example 51 . Yield 95% 
Melting point: 98-1 04 (ethyl acetate-hexane). 

1H NMR (CDCI3) 6 1.22 {6H. br s), 1 .30 {6H. s). 2.02 (2H, s). 2.65 (2H. s), 3.91 (3H. s). 6.17 (2H, br s). 6.60 (1H s) 
20 6.81 (1H. dt. J = 6.4. 2.5 Hz). 7.05-7.32 (7H. m), 7.37-7.45 {2H, m). 7.77 (1H. dt. J = 7.9, 1.9 Hz). 8.52 (1H. dd. J = 
4.7, 1.9 Hz), 8.59 (IH.d. J = 1.8 Hz). x « . 



EXAMPLE 54 



25 



N.(3i)yridinylmethyl)-3-(3,4.8.9-tetrahydro-6-methoxy-3.3,8.8-tetramethylfuro[2.3-h]isoquinolin-1-yl)ben 
trihydrochloride 



[0764] 5 M aqueous solution of sodium hydroxide (1 .9 mL, 9,5 mmol) was added to a solution of N-(3-pyridinylmeth^'«^ > 
-N-[3-(3.4.8.9-tetrahydro-6-methoxy-3.3.8.8-tetramethylfuro[2.3-h]lsoquinolin-1-yl)phenyl]benzamlde (1.05 g. 1 : I 

30 mmol) in methanol (5 mL) and the mixture was heated under reflux for 8 hours. The reaction mixture was combinea 
with water, and extracted twice with ethyl acetate. The combined organic layer was washed with water and brine dried 
over sodium sulfate, filtered, and concentrated under reduced pressure to obtain a free base of the title compound. 
This was dissolved in methanol (5 mL), combined with 0.8 M solution of hydrogen chloride/methanol (10 mL), and 
concentrated under reduced pressure. The residue was crystallized from ethanol-diethyl ether to obtain the title com- 

35 pound (826 mg, Yield: 78%). 
Melting point: 156-159 '^C. 

^H NMR (DMSOkIs) 5 1.23 (6H. s). 1.43 (6H, s), 2.25 (2H, s), 3.14 (2H, s). 3.93 (3H, s), 4.62 (2H. s), 6 71-6 79 (1H 
m). 6.84 (1H. s), 6.98 (1H. dd. J = 8.4, 1 .4 Hz). 7.09 (1H. s). 7.33 (1H. t. J = 7.9 Hz). 8.07 (IH, dd. J = 8.0. 5 5 Hz)' 
8.60 (IH, d, J = 8.4 Hz). 8.86 (IH. d, J = 5.5 Hz). 8.91 (IH. s), 

40 

EXAMPLE 55 



45 



so 



N-{Methylsu!fonyO-N-[3-(3.4,8,9-tetrahydfo-6-methoxy.3.3,8.84etramethylfuro[2,3-h]isoquinolin- 

methyl ester 

[0765] The title compound was synthesized from N-[3-(3,4.8.9-tetrahydro-6-methoxy-3,3,8,8-tetramethylfuro[2,3-h] 
isoquinolin-1 -yl)pheny1]methanesulfonamide by the method similar to that in Example 51 . Yield: 98%. 
Amorphous. 

^H NMR (CDCI3) 5 1 -25 (6H, br s). 1 .32 (6H. s), 2.23 (2H. br s). 2.70 (2H, br s). 3.1 6 (3H. s). 3.75 (3H s) 3 92 (3H 
s). 4.51 (2H. brs), 6.61 (IH, s). 7.39-758 (4H. m). / v . 

EXAMPLE 56 



N-[(Dimethylamino)methylene]-3^(methylsulfonyl)[3-(3.4,8,9-tetrahydro-6-methoxy-3,3.8.8-tetramethylfuro[2,^ 
isoquinoIin-1-yl)phenyl]aminolpropanesulfonamide 

[0766] N.N-dimethylfonnamide dimethylacetal (0.73 mL. 5.5 mmol) was added to a suspension of 3-chloro-1 -pro- 
panesulfonamide (788 mg. 5.00 mmol) in toluene (1 0 mL), and the mixture was stirred at 60 »C for 30 minutes. Tlie 
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reactionmixturewasconcentrated under reduced pressuretoobtainthemixture(1.^ 
ylamino)methylenej-1-propanesulfonamlde. 

[0767] Sodium hydride (66% suspension in oil) (77 mg, 2. 1 mmol) was added to a solution of N-[3-(3 4 8 9-tetrahydro- 
6-methoxy-3,3.8.84etramethylfuro[2.3-h]isoquinolin-1-yl)phenyl]methanesulfonamide (757 mg. 1,77 mrnoQ and sodi- 
um iodide (69 mg. 0.46 mmol) in N,N-dimethylfomiamide (4 mL) and the mbrture was stirred at room temperature for 
y 15 mJnqtes. A solution of the mixture (528 mg) containing 3<jhloro-N^(dlmethylamino)methylene]-1 -propansulfona- 
\ mide fn N.N-dimethylfomiamide (0.5 mL) was added to the reaction mixture, and the reaction mixture was stirred at 
60 »C for 19 hours. The reaction mixture was combined with water, and extracted with ethyl acetate 3 times The 
combined organic layer was washed with water and brine, dried over sodium sulfate, filtered, and concentrated under 
reduced pressure. TTie residue was subjected to a column chromatography on a silica gel (ethyl acetate followed by 
ethyl acetate/methanol 1 0:1 ) to obtain the title confipound (879 mg, Yield: 82%). 
Amorphous? 

IH NMR (CDCI3) 6 1 .25 (6H. br s). 1 .32 (6H. s). 1 .91 -2.08 (2H. m). 2.23 (2H. s). 2.70 (2H. s), 2.92 (3H, s) 3 02-3 13 
(2H. m). 3.03 (3H. s). 3.1 3 (3H. s). 3,82 (2H. t. J = 6,9 Hz). 3,92 (3H. s). 6.61 (1 H. s), 7^7-7.52 (4H. m). 8.00 (1 H. s), 

EXAMPLE 57 

3-[(MethyIsuIfonyl)[3-(3.4.8.9-tetrahydro-6-methoxy-3.3,8.8-tetramethylfuro[2.3-h] 
propanesulfonamide hydrochloride 

[0768] N.[(dimethy|amino)methylene]-3-[(methyIsulfonyl)[3-(3,4.8.9-tetrahydro-6-methoxy-3.3,8.8-tetramethytf^ 
[2.3-h]isoquinolin-1 -yi)phenyl]amino]propanesulfonamide (625 mg. 1 .03 mmol) was dissolved in 2 M hydrochloric acid 
(2 mL), and heated under reflux for 30 minutes. The reaction mixture was neutralized with sodium hydrogen carbonate 
diluted with water, and extracted twice with ethyl acetate. The combined organic layer was washed with water and 
bnne. dned over sodium sulfate, filtered, and concentrated under reduced pressure to obtain a free base of the title 
compound. This was dissolved in methanol (2 mL). and concentrated under reduced pressure to obtain the title com- 
pound (582 mg, Yield: 96%). 
Amorphous. 

NMR (DMSO-de) « 1 -20 (3H. s), 1 23 (3H, s), 1 .45 (3H. s). 1 .48 (3H. s). 1 .70-1 .90 (2H. m), 2 05 (1 H d J = 1 6 6 
Hz). 2.31 (IH. d. J = 16.6 Hz). 2.95-3.20 (2H. m). 3.11 (3H, s). 3.18 (2H, brs). 3.81 (2H. t, J = 6.1 Hz) 3 94 (3H s) 
6.84 (2H. brs). 7.10(1 H. s). 7.50-7.82 (4H, m), 12.80-12.95 (IH. br). 

EXAMPLE 58 

2-[(Methylsulfonyl)[3-(3.4.8.94etrahydro-6-methoxy-3.3.8.8-tetramethylfuro[2,3-h]isoquinolin-1-y 

acetamide / /r j j j 

[0769] Potassiumtert-butoxide(90%)(225mg.1.8mmol)wasaddedtoasolutionofNH3-(3,4.8,9-tetrahydro-6-meth- 
oxy-3.3.8.8-tetraniethylfuro[2.3-h]isoquinolin-1 -yOphenyl]methanesulfonamide (643 mg, 1 .50 mmol) in tetrahydrofuran 
(5 mL) and the mixture was stirred at room temperature for 5 minutes. 2-Bromoacetamide (290 mg, 2 1 0 mmol) was 
added to the resultant mixture and the mixture was stirred at 60 "C for 1 hour Potassium tert-butoxide (90%) (56 mg 
0.45 mmol) and 2-bromoacetamide (62 mg. 0.46 mmol) were added to the mixture and the mixture was stirred at 60 
"C for 30 minutes. The reaction mixture was cooled with ice. combined with water, and extracted twice with ethyl 
acetate. The combined organic layer was washed with water and brine, dried over sodium sulfate, filtered and con- 
centrated under reduced pressure. The residue was subjected to a column chromatography on a basic silica gel (ethyl 
acetate), and ctystanized from ethyl aoetate-diethyl ether to obtain the title compound (469 mq Yield" 64%) 
Melting point: 190-191 "C. " 
1 H NMR (CDCI3) 6 1 .25 (6H, br s), t .32 (6H, s), 2.26 (2H. br s), 2.70 (2H. s). 3.09 (3H. s). 3.92 (3H. s). 4.32 (2H s) 
5.36-5.58 (1 H, br), 6.08-6.28 (1 H. br). 6.61 (1 H, s). 7.38-7.56 (4H. m). 

EXAMPLE 59 

2- a[3-(3,4.8,9-Telrahydro-6-methoxy-3.3.8.84etramethylfuro(2,3-h]isoquino|in-1-yl)phenyllanilno]carbonylte^ 
acid 

[0770] A solution of phthalic anhydride (222 mg, 1 .50 mmol) in tetrahydrofuran (2 mL) was added to a solution of 

3- (3.4,8.9-tetrahydro.6-methoxy.3.3.8,8.tetramethylfuro[2.3-hIisoquinolin-1-yl)ben2enamine (526 mg. 1,50 mmol) in 
tetrahydrofuran (3 mL). and stin-ed at room temperature for 15 minutes. The reaction mixture was combined witfi di- 
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isopropyl ether, and crystals were recovered by filtration and recrystallized from ethanol- ethyl acetate to obtain the 
title compound(630 mg. Yield: 84%), 
Mefting point: 194-197 **C. 

NMR (DMSOndg) 6 1.15 (6H, s). 1.24 (6H. s). 2.35 (2H. br s). 2.66 (2H. br s). 3.82 (3H, s). 6.82 (1H. s), 7.08 (1H, 
5 d, J = 7.6 H2), 7.37 (1H, t, J = 7,7 Hz), 7,50-7.65 (3H, m). 7.67 (1H, d. J = 7,8 Hz). 7.81 (1H. s), 7.83-7.90 (1H, m)] 



10 2-[3-(3.4,8,9-Tetrahydro-6-methoxy-3,3.8,8-tetramethylfuro[2.3-h]isoquinolin-1 -yl)phenyl}-1 H-isoindole-1 .3(2H)-dione 
[0774|« < A'^ mbcture^- of ' 3-{3'i4T8i94etrahydro^-6«rn^ 

(491 mg, 1.40 mmoQ and phthalic anhydride (208 mg, 1.40 mmol) in xylene (3 mL) was heated under reflux for 10 
minutes. The reaction mixture was dissolved in ethyl acetate, washed with water, a saturated aqueous solution of 
15 sodium hydrogen carbonate and brine, dried over sodium sulfate, filtered, and concentrated under reduced pressure. 
The residue was subjected to a column chromatography on a silica gel (hexane/ethyl acetate 2:1 followed by 1 :2), and 
crystallized from ethyl acetate-hexane to obtain the title compound (439 mg, Yield: 65%). 
Melting point: 162-168 *'C. 

NMR {CDCI3) 5 1.25 (6H. s). 1.37 (6H, s), 2.10-2.80 (2H, br),2.68 (2H, s). 3.92 (3H, s), 6.60 (1H, s). 7.44-7.61 (4H. 
20 m), 7.73-7.84 (2H. m), 7.88-7.99 (2H, m). 



6-[3-(3,4,8,9-Tetrahydro-6-methoxy-3,3,8,8-tetramethylfuro[2,3-h]isoquinolin-1-yl)phenyl]-5H-pyrrolo[3,4-blpy 
25 6,7(6H)-dlone 

[0772] A mixture of 3-(3,4,8,9-tetrahydro-6-methoxy-3,3,8,8-tetramethylfuro[2.3-h]lsoquinolin'1-yl)ben2enamlne 
(701 mg, 2.00 mmol) and 2,3-pyridinedicarboxylic anhydride (298 mg, 2:00 mmol) in tetrahydrof uran (4 mL) was stin-ed 
at room temperature for 1 5 minutes. The reaction mixture was combined with diethyl ether, and crystals were recovered 

30 by filtration. This was suspended In acetic anhydride (4 mL). and stirred at 1 00 for 1 hour. The reaction mixture was 
concentrated under reduced pressure, and the residue was combined with ethyl acetate and a saturated aqueous 
solution of sodium hydrogen carbonate, stirred vigorously, and diluted with water, and then the organic layer was 
separated, and the aqueous layer was extracted with ethyl acetate. The combined organic layer was washed with 
water and brine, dried over sodium sulfate, filtered, and concentrated under reduced pressure. The residue was sub- 

35 jected to a column chromatography on a silica gel (hexane/ethyl acetate 1 :3) to obtain the title compound (724 mg, 75%). 
Amorphous. 



NMR (CDCI3) 5 1 .26 (6H. s). 1 .38 (6H. s), 2,25-2.60 (2H, br), 2.69 (2H, s), 3.93 (3H, s), 6.61 (1 H, s), 7.46-7.60 (4H, 
m). 7.70 (1 H, dd. J = 7.7. 4.8 Hz). 8,26 (1 H. dd. J = 7.7, 1 .6 Hz). 9,05 (1 H, dd. J = 4:8. 1 .5 Hz). 



2-[3-(3,4,8,9-Tetrahydro:6-methoxy-3,3,8,8-tetramethyIfuro[2,3-h]isoquinolin-1-yl)phenyl]-1H-pyrrolo^^ 



[0773] The title compound was obtained using 3,4-pyridinedicarboxylic anhydride by the method similar to that in 
Example 61 . Yield: 77%, 

Melting point: 123-129 ''C (decomposition) (ethyl acetate-hexane). 
. NMR (CDCI3) 6 1 .26 (6H, s), 1 .38 (6H. s). 2.15-2.70 (2H, br). 2.69 (2H. s), 3.92 (3H, s), 6.61 (1H. s), 7.42-7.63 (4H. 
m), 7.84 (1 H, dd, J = 4.8, 0.8 Hz), 9.1 4 (1 H. d, J = 4.8 Hz). 9.24 (1 H, d. J = 0.8 Hz). 

so 

EXAMPLE 63 

4^p-(3,4,8,9-Tetrahydro-6-methoxy-3.3.8,8-tetramethylfuro[2,3-h]isoquinolin-1-yl)phenyllamino]carbonyl]^ 
l-piperidinecarboxylic acid 1 ,1 -dimethylethyl ester 

55 

[0774] 1 •ethyl-3-(3-dimethylaminopropyl)carbodiimide hydrochloride (1 .00 g, 5.22 mmol) was added to a solution of 
N-(tert-butoxycafbonyl)isonipecotic acid (1 .01 g, 4.41 mmol) and 1-hydroxy-1 H-benzotriazole monohydrate (678 mg, 
4.43 nrvnol) in N.N-dimethylfomfiamide (1 5 mL) and the mixture was stirred at room temperature for 1 hour. 3-(3.4,8.9-Tet- 




EXAMPLE 61 



40 



EXAMPLE 62 



1.3(2H)-dlone 
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rahydro-6-methoxy-3,3.8,8-tetramethylfuro[2.3-hlisoquinolin-1-yl)benzenamine (1.41 g. 4.02 mmol) was added to the 
resultant mixture and the mixture was stirred at room temperature for 4 hours. The reaction mixture was combined 
wrth a saturated sodium hydrogen carbonate and water, and extracted twice with ethyl acetate. The combined organic 
layer was washed wrth water and brine, dried over sodium sulfate, filtered, and concentrated under reduced pressure 
The residue was subjected to a column chromatography on a silica gel (hexane/ethyl acetate 3-1 11 followed by 1- 
2). This, was dissolved in ethyl acetate and washed vwth a 2% aqueous solution of acetic acid (twice) water and a 
^' saturated aqueous solution of sodium hydrogen carbonate, dried over sodium sulfate, filtered, and concentrated under 
reduced pressure to obtain the title compound (1 .83 g, Yield: 81 %). 
Amorphous. 

1H NMR (CDCy 5 1.23 {6H, br s), 1.32 (6H. s). 1.46 (9H, s). 1.60-1.92 (4H. m). 2.22-2.42 (1H. m) 2 30 (2H s) 
2.62-2.85 (2H, m). 2.68 (2H, br s). 3.92 (3H, s), 4.06-4.29 (2H. m). 6.60 (1H. s), 7.05 (1H. d. J = 7.6 Hz) 7 ^5-^ 36 
f«Hyfn)-7:46^<4W, s>r7i69-7:8&(2H-m);- v . i. v . . r.o nz,. /.^o /.jc 

EXAMPLE 64 

N-{3-(3.4.8,9-Tetrahydro-6-methoxy-3,3,8.8-tetfamethylfuro[2,3-h]isoquinolin-1-yl)phenyl)^lperidinecar^ 
dihydrochloride 

[0775] 4 M solution of hydrogen chloride/ethyl acetate (2.0 mL) was added to a solution of 4-{|I3-(3 4 8 9-tetrahydro- 
6-methoxy-3.3.8.8-tetramethylfuro[2,3-h]isoquinolin-1 -y0pheny1jaminojcarbonyl]-1 -piperidinecaiboxylW acid 1 1 -dime- 
thylethyl ester (1.44 g, 2.56 mmol) in ethyl acetate (15 mL) and the mixture was stirred at room temperature for 1 5 
hours, and then at 60 "C for 1 hour Ethanol (3 mL) was added to the resultant mixture and the mixture was stirred at 
60 -C for 1 hour The reaction mixture was cooled, and the crystals were reooveied by filtration to obtain the title com- 
pound (774 mg. 57%). 
Melting point: 217-224 "C. 

1H NMR (DMSO-de) 5 1 .23 (6H. s). 1 .44 {6H. brs), 1.68-2.07 (4H, m), 2.10-2.50 (2H, m). 2.65^.40 {7H m) 3 95 (3H 
s). 7.11 (1H, s), 7.31 (1H, d, J = 8.2 Hz), 7.59 (1H, t. J = 8.2 Hz). 7.86 (1H, d. J = 8.2 Hz). 8.03 (1H s) 8 70-9 35 f2H' 
m). 10.78-10.90 (1H.m), 12.50-12.80 (1H,br). ' "^ti". s). 8.70 9.35 (2H. 

EXAMPLE 65 

N-[3-(3,4,8.9-Tetnahydro-6-methoxy-3,3,8.8-tetramethylfuro[2.3-h]isoqulnolin-1-yl)phenyl]-4-pyridlneacetamide 

^'^^fL^"®^*'^'^'"® ^""^ 1-ethyl-3-(3-dimethylaminopropyl)carbodiimide hydrochloride (537 

mg, 2.80 mmoO were added to a solution of 3-(3,4,8.9-tetrahydrD-6-methoxy-3,3,8,8-tetramethylfurot2,3-hlisoquinolin- 
1-yl)benzenamine (701 mg, 2.00 mmol), 4-pyridlneacetlc acid hydrochloride (417 mg, 2.40 mmol) and l-hydroxy-IH- 
benzotriazole monohydrate (368 mg, 2.40 mmol) in N,N-dimemylfomiamide (10 mL) and the mixture was stirred at 
room temperature for 1 hour. The mixture was combined with water and a saturated aqueous solution of sodium hy- 
drogen carbonate, and extracted twice with a mixture of ethyl acetateAnethanol (5: 1 ). The combined organic layer was 
washed twice with water, and concentrated under reduced pressure. The residue was recrystallized from ethanol- 
diethyl ether to obtain the title compound (523 mg. yield: 56%). 
Melting point: 124-128 "C. 

7.03-7.10(lH,m).7.24-7.40{4H.m),7.67-7.74{1H,m).7.91(1H.brs).8.^^ ^ 
EXAMPLE 66 

N^3.(3,43.9-Tetrahydro-6^tlethoxy-3.3.8,8-tetramethylfu^o[2,3.hIte^^ 

P)777] The title compound was obtained using 3-pyridineacetic acid hydrochloride by the method similar to that in 
Example 65. Yield: 70%, 

Melting point: 122-127 «C (ethanol-diethyl ether). 

1H NMR (CDCI3) 8 1 .23 (6H. br s). 1 ,30 (6H. s). 2,26 (2H. s). 2,67 (2H. s), 3.67 (2H, s). 3.91 (3H, s); 6.59 (IH, s), 7.06 
(1H. d. J = 7.4 Hz), 7.24-7.37 (3H, m), 7.64-7.80 (3H, m), 8.52-8.58 (2H. m). 
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EXAMPLE 67 

N^3-(3.4.8.9-Tetrahydro-6-methoxy-3,3.8.84etramethylfuro[2.3-hJisoquinon 

[0778] The title compound was obtained using 2-pyiidineacetic acid hydrochloride by the method similar to that in 
Example 65. Yield: 75%. 
. Melting point: 176-177 "C (ethanol-diethyl ether). 

NMR (CDCIa) 5 1.24(6H, brs). 1.29 (6H, s). 2.27 (2H, s), 2.68 (2H. s). 3.87 {2H, s). 3.92 (3H, s). 6.60 (1H s) 7 07 
(1H. dt. J = 7.7, 1.3 Hz). 7.21-7.37 {3H, m). 7,42 (1H, t, J = 1 .6 Hz), 7.71 (1H. td, J = 7,7, 1.9 Hz), 7.80 (1 H ddd J = 
8.2. 2.0. 0.8 Hz). 8.63 (1 H. ddd. J = 4.9, 1 .8. 1 .1 Hz). 9.82 (1H. brs). ' * 



a4-[[[3-(3,4,8,9Tetrahydro-6-methoxy-3.3,8,8-tetramethylfuro[2,3-h]isoquinolin-1-yl)ph^^^ 
methyljphosphonic acid diethyl ester hydrochloride 

[0779] 1 -EthyI.3-(3-dimethylaminopriDpy!)carbodiimlde hydrochloride (1 ,55 g, 8.09 mmol) and triethylamlne (1 .0 mL 
7.2 mmol) were added to a solution of 3-(3,4:8,9-tetrahydro^-methoxy-3,3.8.8-tetramethylfuro[2.3-h]lsoquinoIin-1-yl) 
benzenamine (2.1 8 g, 6.22 mmol), 4-[(diethoxyphosphinyl)methyl]benzoic acid (1 .86 g, 6.83 mmol) and 1 -hydroxy-1 H- 
benzotriazole monohydrate (1 .05 g, 6.86 mmol) in N,N-dimethylfomiamide (30 mL) and the mixture was stirred at room 
temperature for 1 7 hours. The reaction mixture was combined with water and a saturated aqueous solution of sodium 
hydrogen caitoonate, and extracted with ethyl acetate 3 times. The combined organic layer was washed with water 
and bfine, dried over sodium sulfate, filtered, and concentrated under reduced pressure. The residue was subjected 
to a column chromatography on a basic silica gel (hexane/ethyl acetate 2: 1 , 1 : 1 , 1 :3, followed by 1 : 1 0) to obtain a free 
base of the title compound. This was dissolved in ethyl acetate (20 mL), combined with 0.8 M solution of hydrogen 
chloride/methanol (8.5 mL), and concentrated under reduced pressure. The residue was recrystallized from ethanol- 
ethyl acetate to obtain the title compound (3.23 g, Yield: 81%). 
Melting point: 196-200 ^'C (decomposition). 

1H NMR (DMSO-dfi) 5 1.18 (6H, t. J = 7.1 Hz). 1 .25 (6H. br s). 1 .37-1 .58 {6H. m). 2.16-2.57 (2H. m) 3 05-3 35 (2H 
m). 3.35 (2H. d. J = 22.0 Hz). 3.89-4.05 (4H, m). 3.96 (3H. s). 7.12 (1H, s). 7.34-7.48 (3H. m). 7.65 (1H. t. J = 8 1 Hz)' 
7.97 (2H. d, J = 8.0 Hz). 8.05-8.16 (2H. m). 10.69 (1H, brs). 12.60-12.80 (1H, br). 

EXAMPLE 69 



[[4-[[[3-(3,4,8,9-Tetrahydro-6-methoxy-3,3,8,8-tetramethylfuro[2.3-h]isoquinolin-1-yl)phenyll 
methyljphosphonic acid 

[0780] A solution of [r4-{[[3-(3,4.8,9-tetrahydro-6-methoxy-3,3,8,8-tetramethylfuro[2,3-h]isoquinolin-1 -yl)phenyl]ami- 
no]carbonyl]phenyl]methyl]phosphonic add diethyl ester hydrochloride (1.60 g. 2,50 mmol) in dichloromethane (10 
mL) was treated dropwise with trimethylsilyt bromide (1 .0 mL. 7.6 mmol). and stirred at room temperature for 22 hours. 
The reaction mixture was concentrated under reduced pressure, and the residue was dissolved in methanol (7.5 mL) 
and diethyl ether (10 mL). Propylene oxide (7.5 mL) was added to the resultant solution and the mixture was stirred 
at room temperature. The precipitated crystals were recovered by filtration to obtain the title compound (1 .31 g, Yield: 
96%). 

Melting point: 237-241 'C. 

^H NMR (DMSO-dfi) 6 1.20 {6H. s). 1.22 (6H. s). 2.34 (2H, brs). 2,73 (2H. br s), 3.00 (2H, d, J = 21.2 Hz). 3.84 (3H 
s), 6.86 (1H. s). 711 (1H. d. J = 7.8 Hz). 7.33-7.46 {3H, m), 7.82-7.97 (4H, m). 10.32 (1H. br s). 

EXAMPLE 70 



2-Methyl-N-[3-{3,4,8.9-tetrahydro-6-methoxy-3,3,8,8-tetramethylfuro[2.3-h]isoquinolin-1-yl)phenyl]- 
2-[(2,2,2-trifluoroacetyl)amino]propanamide hydrochloride 

[0781] The title compound was obtained using 2-methyl-2-{(2,2.2-trifluoroacetyl)aminolpropionic acid by the method 
similar to that in Example 68. Yield: 89%. 

Melting point: 210-217 *C (decomposition) (methanol nethy I acetate). 

1H NMR (DMSO-dfi) 6 1 .23 (6H, s). 1 .30-1 .60 (6H. m). 1 .53 (6H. s), 2.10-2.53 (2H. m). 3.00-3.35 (2H m) 3 95 (3H 
s). 7.11 (1H. s). 7.35 (1H. d, J= 8.0 Hz). 7.59 (1H. t. J = 8.0 Hz). 7.91 (1H. s). 7.98 (1H. d. J = 8,0 Hz), 9.44\lH brs)' 
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10.16 (1H. brs). 12.60-12.80 (1H. brs). 
EXAMPLE 71 

2- /Vnino-2-methyl-N-[3-(3.4.8.9-tetrahydro-6-methoxy-3.3,8.8-tetramethylfuro[2.3-hlfe 
propdnfunide 

[0782] 1 -Ethyl-3-(3-dim6thy)aminopropy))carbodiimide hydrochloride (4.98 g. 26.0 mmol) was added to a solution of 

3- (3,4,8.9-tetrahydro-6-methoxy-3,3,8.8-tetramethylfuro[2.3-hlisoqulnolln-1-yl)ben2enamine (7.01 g 20 0 mmoO 
2-methyl-2-[(2,2.2-tr1fluoroacetyl)amlno]propionic acid (4.38 g, 22.0 mmol) and l-hydroxy-IH-benzotriWote monohy- 
drate (3.37 g. 22.0 mmol) in N.N-dimethylfomiamide (75 mL) and the mixture was stirred at room temperature for 4 5 
hoaisj and'-thea-at 45^«G fep3aminateSv^:Tlie^-r«actioff 

solution of sodium hydrogen carbonate, and extracted twice with ethyl acetate. The combined organic layer was washed 
twice with water, and concentrated under reduced pressure. The residue was dissolved in ethanol (40 mL) combined 
with 2 M aqueous solution of sodium hydroxide (25 mL, 50 mnwl). and heated under reflux for 1 .5 hours The reaction 
mixture was concentrated under reduced pressure, and the residue was combined with water, and extracted twice with 
ethyl acetate. The combined cranio layer was washed twice with water, treated with artlvated charcoal filtered and 
concentrated under reduced pressure. The residue was oystalflzed from ethyl acetate-hexane to obtain the title 
pound (7.28 9, Yield. 84%). 
Melting point: 176-177 "C. 

1H NMR (CDCI3) 5 1 .24 (6H. br s). 1 .32 (6H, s), 1 .45 (6H, s), 2.30 (2H, s), 2.67 (2H, br s), 3,92 (3H. s). 6 60 (1 H s) 
704-7.1 0 (1 H. m). 7.33 (1 H. t. J = 8.1 Hz). 7.55 (1 H. t. J = 2.0 Hz), 7.83 (1 H, ddd. J = 8.1 . 2.0. .1 .0 Hz). 9.93 (1 H. br's).' 

EXAMPLE 72 

5.5-Dimethyl-3-[3-(3.4,8.9-tetrahydrD-6-methoxy-3.3.8,8-tetramethylfuro{2,3-h]isoquinolin-1-yl)phenyn- 
2.4-imidazolidinedione 

[0783J N.N'-carbonyldiimidazole (426 mg. 2.63 mmol) was added to a solution of 2-amino-2-methyl-N-{3-(3 4 8 9-tet- 
rahydro-6-methoxy-3.3.8.8-tetramelhylfuro[2.3-h]isoquinolin-1-yl)phenytlpropanamide (1.09 g. 2 50 mmol) In NN- 
dimethylfomiamide (10 mL) and the mixture was stin-ed at room temperature for 2 hours. The reaction mixture was 
combined with water and a saturated aqueous solution of sodium hydrogen caitoonate, and extracted twice with ethyl 
acetate. The combined organic layer was washed twice with water, and concentrated under reduced pressure The 
residue was crystallized from ethyl acetate-dlethyl ether to obtain the title compound (686 mq Yield- 59%) 
Melting point: 289-294 "C. 

1H NMR (CDCI3) 5 1.28 (6H, brs). 1.33 (12H. s). 2.36 (2H. brs). 2.70 (2H. s). 3.92 (3H. s). 6.61 '(IH, s). 716 (1H br 
s), 7.30-7.51 (3H, m), 7.56-7.60 (1H, m). 

EXAMPLE 73 

3-f3-(3.4.8,9-Tetrahydro-6-methoxy-3.3.8.8-tetramethylfuro[2.3-h]isoquinolin-1-yl)phenyl]-2.4-imida2olidinedione 

[0784] 3-(3,4.8,9-Tetrahydro-6-methoxy-3,3,8,8-tetramethylfuro[2,3-hJisoquinolin-1-yl)benzenamine (3 51 g 10 0 
mmol) was added to a solution of ethyl isocyanatoacetate (1 .42 g. 11.0 mmol) in tetrahydrofuran (15 mL) and the 
rnocture was heated under reflux for 15 minutes. The reaction mixture was concentrated under reduced pressure and 
the residue was dissolved in 5 M hydrochloride (20 mL). The resultant mixture was stirred at 80 for 2 hours The 
mixture was cooled with ice, neutralized with cone, aqueous ammonia, and extracted twice with ethyl acetate The 
combined organic layer was washed twice with water, and concentrated under reduced pressure. The residue was 
r«:rystallized from ethyl acetate-hexane, and furthennore recrystallized from methanol-acetate-hexane to obtain the 
title compound (2.50 g. Yield: 58%). 
Melting point: 214-216 °C. 

«^ ^^^^^^ ^ ^-^^ ^ ^ 2-37 <2H. br s), 2.68 (2H, s), 3.92 (3H, s), 4.04 (2H. s), 6.22 (1H, br s). 

6.60 (1H, s). 7.39-7.57 (4H. m). 
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EXAMPLE 74 

1-Methyl-3-[3-(3,4,8.9-tetrahydro-6-memoxy-3,3,8.8-tetramethylfuro[2.3^ 
2,4-lmidazoIidinedione 

5 

^ [078S] Sodium hydride (66% suspension in oil) (80 mg. 2.2 nomol) was added to a solution of 3-[3-(3,4.8,9-tetrahydro- 
Y 6-meth6xy-3.3,8.8-tetramethylfuro[2,3-h]isoquinoIin-1 -yl)phenyl]-2.4-lmidazolidinedrone (867 mg, 2.00 mmol) in N.N- 

dimethylfomnamide (4 mL) with cooling in ice, and the mixture was slin-ed at room temperature for 15 minutes. The 

resultant mixture was cooled with ice, treated dropwise with iodomethane (0.19 mL, 3:1 mmol), and stin-ed at room 
0 temperature for 45 minutes. The reaction mixture was combined with water, and extracted twice with ethyl acetate. 

The combined organic layer was washed twice with water, and concentrated under reduced pressure. The residue 

was»^subjected»t0>»eoiumn^Ghromatogr^hyM^^^ 

the title compound (724 mg, Yield: 81 %). . 

Amorphous. 

5 iH NMR (CDCI3) 6 1 .24 (6H, s). 1 .33 (6H, s), 2.38 (2H, br s). 2.67 (2H, s). 3.07 (3H. s). 3.91 {3H. s). 4,01 (2H. s) 6 59 
(1H. s), 7.39-7.55 (4H, m). 



EXAMPLE 75 



20 2,4-Dioxo-3-[3-(3,4,8,9-tetrahydro-6-methoxy-3.3.8.8-tetramethylfuro[2.3-h]isoquinolin-1-yl)phenyl]- 
1 -imidazolidineacetic acid methyl ester 

[0786] The title compound was obtained using methyl bromoacetate by the method similar to that in Examole 74 
Yield: 77%, ^ 
25 Amorphous. 

lHNMR(CDCl3)61.24(6H.s), 1 .33 (6H. s), 2.37 (2H, brs). 2.67 (2H, s). 3.79 (3H, s), 3.92 (3H, s), 4.16 (2H s) 4 24 
(2H. s). 6.60 (IH, s), 7.40-7.56 (4H, m). 



EXAMPLE 76 

30 

N-methyl-3-[3-(3,4.8,9-tetrahydro-6-methoxy-3.3,8,8-tetramethylfuro[2.3-h]lsoquinoljn-1-yl)phenyl]-2.4-dioxo- 
1 -imidazolidineacetamide 



35 



40 



[0787] 5 M aq ueous solution of sodium hydroxide (1 .5 mL) was added to a solution of 3-[3-(3.4,8,9-tetfahydro-6-meth- 
oxy-3.3,8,8--tetramethylfuro[2,3-h]isoquinolin-1-yl)phenyl]-2,4-dioxo-1 -imidazolidineacetic add methyl ester (1,87 g, 
3.70 mmol) in methanol (1 0 mL) and the mixture was stin-ed at room temperature for 1 5 minutes. 2 M hydrochloric acid 
was added to the reaction mixture and the reaction mixture was concentrated under reduced pressure. The residue 
was combined with ethanol, and the insolubles were filtered off. and filtrate was concentrated under reduced pressure. 
The same procedure was repeated twice, and then suspended in ethanol-ethyl acetate, filtered, and concentrated 
under reduced pressure to obtain an amorphous material (2.08 g) containing 3-{3-(3,4,8,9-tetrahydro-6-methoxy- 
3,3,8,8-tetramethylfuro[2,3-h]isoquinolin-1 -yl)phenyl]-2,4-dioxo-1 -imidazolidineacetic add. 
[0788] 1 -Ethyl-3-(3-dimethylamlnopropyl)carbodiimide hydrochloride (312 mg, 1 ,63 mmol) and 40% solution of meth- 
ylamlne/methanol (0.27 mL, 6.6 mmol) were added to a solution of 700 mg of the material and 1 -hydroxy- IH-benzo- 
toriazole monohydrate (21 1 mg. 1 .38 mmol) In N,N-dimethylformamide (1 0 mL) with cooling in ice and the mixture was 
^5 stin-ed at room temperature for 43 hours. The reaction mixture was combined with water and a saturated aqueous 
solution of sodium hydrogen carbonate, and extracted twice with ethyl acetate. The combined organic layer was washed 
twice with water, and concentrated under reduced pressure. The residue was subjected to a column chromatography 
on a basic silica gel (hexane/ethyl acetate 1 :1 followed by ethyl acetate) to obtain the title compound (289 mg. Yield: 
46%). 
^ Amorphous. 

NMR (CDCI3) 5 1 .24 (6H. s), 1 .33 (6H. s), 2.37 (2H. br s). 2.67 (2H, s), 2.81 (3H, d. J = 5,2 Hz), 3.92 (3H. s). 4 00 
(2H. s). 4.18 (2H. s), 6.10-6.25 (IH, m), 6.60 (IH, s). 7.38-7.56 (4H, m). 



55 



EXAMPLE 77 

1 -[1 J '-Biphenyl]-3-yl-3.4.8.9-tetrahydro.6-methoxy-3.3,8.8-tetramethylfuro[2,3-h]isoquinoline 

[0789] A solution of phenylboronic acid (21 9 mg. 1 .80 mmoO in ethanol (2 mL). a solution of sodium cariwnate (21 0 
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mg. 1 .98 mmol) in water (2 mL) and tetrakis(triphenylphosphine)palladium(0) (58 mg, 0.050 mmol) were added to a 
solution of 1-(3-bromophenyl)-3.4,8,9-tetrahydro-6-methoxy-3,3,8,8-tetramethylfuroI2,3-h)isoquinoline (497 mg 1 20 
mmol) in 1 .2-dimethoxyethane (6 mL) and the mixture was stirred at 80 °C for 15 houre under nitrogen atmosphere 
The reaction mixture was combined with water, and extracted twice with ethyl acetate. TTie combined organic layer 
was washed with water and brine, dried over sodium sulfate, filtered, and concentrated under reduced pressure The 
residae^was subjected to a column chromatography on a basic silica gel (hexane/ethyl acetate 1 0:1 ). and aystaOized 
^ from hexane to obtain the title compound (353 mg, Yield: 71%). 
■ Melting point: 141-142 °C. 

1H NMR (CDCI3) 6 1.27 (6H. s). 1.30 (6H. s). 2.26 (2H. s). 2.71 {2H. s). 3.93 (3H. s), 6.63 (1H. s). 7.28-7 51 (5H m) 
7.57-7.66 (4H, m). * . a .«/ .onon.m;. 

3.4,8.9-Tetrahydro-6-methoxy-3.3,8.8-tetramethyl-1-{3-(4-pyridinyl)phenylJfuro[2.3-h]isoquinoline 

[0790] The title compound was obtained using 4-pyridinylboronic acid by the method similar to that in Example 77. 
Yield: 69%. 

Melting point: 148-150 (dlisopropyl ether-hexane). 

1H NMR (CDCI3) 6 1.28 (6H. s). 1.30 (6H. s). 2.23 (2H. s). 2.72 (2H. s). 3.93 (3H. s). 6.64 (1H. s). 7.44-757 (4H m) 
7.64-7.72 (2H.m). 8.66 (2H,d. J = 6.2 Hz). M'^n, m;, 

EXAMPLE 79 

3.4,8,9-Tetfahydro-8-methoxy-3.3.8.8-tetramethyl-1-[3-(2-quinolinyl)phenyl)furo[2.3-hlisoquinoline 

[0791] Hexamethylditin (879 mg, 2.68 mmoQ was added to a suspension of 1 -(3-bromophenyl)-3.4 8 9-tetrahydro- 
e-methoxy-3.3.8,8-tetfamethylfuro[2.3-hJisoquinoline (1 .04 g, 2.51 mmol), 2-quinolinyl trifluoromethanesulfonate (731 
mg, 2.64 mmol), lithium chloride (319 mg. 7.53 mmol) and tetrakis(triphenylphosphine)palladlum(0) (145 mg 0 125 
mmol) in 1 .4^ioxane (15 ml), and stirred at 100 -C for 15.5 hours under nitrogen atmosphere. The reaction mixture 
was poured into a mixture of a 10% aqueous solution of potassium fluoride (25 mL)/ethyl acetate (25 mL) and stirred 
at room temperature for2 hours. The Insolubles were filtered off. and the organic layer was separated, and the aqueous 
ayer was extracted with ethyl acetate. The combined organic layer was washed with brine, dried over sodium sulfate 
filtered, and concentrated under reduced pressure. The residue was subjected to a column chromatography on a basto 
silica gel (hexane/ethyl acetate 20:1 , 5:1 followed by 3:1). and ciystallized from ethyl acetate-hexane to obtain the title 
compound (529 mg, Yield: 46%). 
Melting point: 1 67-1 69 °C. 

1H NMR (CDCI3) 8 1 .28 (6H. s). 1 .29 (6H. s). 2.34 (2H. s). 2.74 {2H. s). 3.94 (3H, s). 6.65 (1 H. s). 7.48-7.62 (3H. m) 

l?} !^:.'^'^' " ®-^* ^■^-'^^^ J = HZ). 8.13-8.26 (3H. m), 8.29 (1H. dt. J = 

7.0, 1 .8 Hz). 

EXAMPLE 80 

3-(3.4.8.9-Tetrahydro-6-methoxy-3.3.8.8-tetramethylfuro[2.3-hJisoquinolin-1 -yl)benzoic acid hydrochloride 

[0792] 5 M aqueous solution of sodium hydroxide (2.0 mL. 1 0 mmol) was added to a suspension of 3 (3 4 8 9-tet- 
rahydro-6-methoxy-3.3.8.8-tetramethylfuro[2,3-h]lsoquinolln-1 -yl)benzoic acid methyl ester (1 .81 g, 4 60 mm'ol) in eth- 
anol (5 mL) and the mixture was stirred at room temperature for 4 hours. 1 M hydrochloric acid (1 0 mL. 20 mmol) was 
added to the reaction mixture and the resultant mixture was concentrated under reduced pressure The residue was 
combined with ethanol. and the insolubles were filtered off.using Hyflo Super-Cell (trade name), and the filtrate was 
concentrated under reduced pressure. The same procedure was repeated twice, and then the residue-was recrystal- 
lized from ethanol- ethyl acetate to obtain the title compound (1 .92 g. quantitative) 
Melting point: 184-191 "C. 

1H NMR (DMSO^e) 5 1 .21 (6H. br s). 1 .46 (6H. br s), 2.05-2.25 (2H. m). 3.17 (2H. br s). 3.95 (3H. s). 7.11 (1H. s). 
7.77(1H.t.J = 7.6H2).7.86(1H.d.J = 7.6Hz).8.17(1H,s).8.27(1H.s). 
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EXAMPLE 81 

4-(3.4.8,9-Tetrahydro-6-methoxy-3,3.8,8-tetramethylf uro[2,3-h]isoquino -yl)ben2oic acid hydrochloride 

[0793] The title compound was obtained from 4-(3,4.8.9-tetrahydro^-methoxy-3,3,8,8-tetramethylfuro[2.3-h]lsoqui- 
nollri^ -yObenzolc acid methyl ester by the method similar to that in Example 80. rield: 83%. 
. Meltingpoint: 195-204 (ethanol-ethyl acetate), 

NMR (DMSOKle) 6 1.31 (6H, s). 1 .74 (6H. s), 2,15 (2H, s). 3.10 (2H. s). 4.03 (3H, s), 6.76 (1H, s). 7.66 (2H, d, J = 
8.3 Hz). 8.11 (2H, d, J = 8.3 Hz). 

EXAMPLE 82 

4-(6-Ethoxy-3,4,8.9-tetrahydro-3,3.8,8-tetramethylfuro[2,3-hlisoquinolln-1 -yl)benzoic acid hydrochloride 

[0794] The title compound was obtained from 4-(6-ethoxy-3,4,8,9-tetrahydro-3,3,8.8-tetramethyIfuro[2,3-h]lsoquin- 
olin-1 -yl)benzoic acid methyl ester by the method similar to that in Example 80. Yield: 99%. 
Melting point: 206-217 ''C (ethanol-ethyl acetate). 

1H NMR (DMSO-dfi) 6 1.23 (6H, S), 1.37 (3H, t. J = 6.9 Hz), 1.46 (6H, s), 2.16 (2H. s), 3,17 (2H, s). 4.25 (2H. q, J = 
6,9 Hz), 7.10 (1H, s), 7.75 (2H, d. J = 8.3 Hz), 8.16 (2H. d. J = 8,3 Hz). 

EXAMPLE 83 

N-(4-Methoxyphenyl)-4-(3,4,8,9-tetrahydro-6HTiethoxy-3.3,8,8-tetramethylfuro[2,3-hlisoqum 

[0795] 1 -Ethyl-3-{3-dimethylaminopropyl)cart)odiimide hydrochloride (300 mg, 1 .56 mmol) was added to a solution 
of 4-(3,4,8,9-tetrahydro-6-methoxy-3,3,8,8-tetramethylfuro[2,3-h]isoquinolin-1-yl)benzoic acid hydrochloride (500 mg, 
1 ,20 mmol) and 1 -hydroxy-1 H-benzotriazole monohydrate (202 mg, 1 ,32 mmol) In N,N-dimethylfomiamide (3 mL) with 
cooling in ice and the mbcture was stirred for 20 minutes. 4-MethoxyaniIine (177 mg, 1.44 mmol) was added to the 
resultant mixture at the same temperature, and the mixture was stirred at room temperature for 2 hours. The reaction 
mixture was combined with water, and extracted twice with ethyl acetate. The combined organic layer was washed 
with water and brine, dried over sodium sulfate, filtered, and concentrated under reduced pressure. The residue was 
subjected to a column chromatography on a basic silica gel (hexane/ethyl acetate 2:1 followed by 1 :1), and recrystal- 
lized from ethyl acetate-hexane to obtain the title compound (442 mg, Yield: 76%). 
Melting point: 1 20-1 22 •C. 

^H NMR (CDCI3) 5 1.26 (6H. s). 1.32 (6H, s), 2.22 (2H, s), 2.71 (2H, s), 3.83 (3H. s), 3.93 (3H, s). 6.63 (1H, s), 6.93 
(2H, d, J = 8.8 Hz), 7.52 (2H, d, J = 8.6 Hz), 7.57 (2H, d. J = 9.2 Hz), 7.84 (1H, br s), 7.90 (2H, d. J = 8.4 Hz), 

EXAMPLE 84 

4-(3,4,8.9-Tetrahydro-6-methoxy-3,3.8.8-tetramethylfuro[2,3-h]isoqulnolin-1-yl)benzamide 

[0796] The title compound was obtained using 4 M solution of ammonia/methanol by the method similar to that in 
Example 83. Yield: 74%. 

Melting point: 229-231 °C (ethyl acetate-hexane). 

1H NMR (CDCI3) 5 1.26 (6H. s), 1.31 (6H, s). 2.19 (2H. s), 2.70 (2H, s), 3,93 (3H, s). 5.50-6.50 (2H. m), 6.62 (IN. S), 
7.49 (2H. d. J = 8.4 Hz), 7,84 (2H, d. J = 8.4 Hz). 

EXAMPLE 85 

N-Methyl-4-(3,4,8,9-tetrahydro-6-methoxy-3,3,8,8-tetramethylfuro[2.3-h]isoquinolin-1-yl)benzamide 

£0797] The title compound was obtained using a 40% aqueous solution of methylamine by the method similar to that 

in Example 83. Yield: 77%. 

Melting point: 168-169 (ethyl acetate-hexane). 

1H NMR (CDCI3) 5 1 .26 (6H, s), 1 .30 (6H. s), 2.1 7 (2H. s). 2,70 {2H, s). 3.04 (3H, d, J = 5,2 Hz). 3.92 (3H, s), 6.32-6 43 
(1 H. m), 6.62 (1 H. s). 7.45 .(2H, d. J = 8.3 Hz). 7.78 (2H, d, J = 8.3 Hz). 
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EXAMPLE 86 

3- (3.43,9Tetrahydro-6-methoxy-3,33,8-tetr^ethylfuro[2.3-h]isoquino!in 

[0798] The title compound was obtained from 3-(3,4,8.9-tetrahydro^-methoxy-3.3.8,8-tetramethylfuro[2,3-h]isoqui- 

\nonn-^ -yl)benzoic add hydrochloride and 4 M solution of ammoniaAnethanol by the method similar to that in Examole 
83. Yield: 67%. ^ 
Melting point: 219-220 "C (methanol-diisopropyl ether). 

^HNMR(CDCl3)61.25(6H.brs). 130 (6H. s). 2,17 {2H. s), 2.69 {2H, s). 3.93 (3H. s). 5.30-6.60 (2H m) 662 (1H 
s). 7.45-7.57 (2Km). 7.84-7.87 (1H.m). 7.90 (IH.dt. J = 6.9. 2.1 H2). I • ■ t . 

E'XAMP4&87 

4- (6-Ethoxy-3.4,8.9-tetrahydro-3,3,8,84etramethylfuro[2,3-hlisoquino!in-1-yl)ben2amlde 

(07991 The title compound was obtained from 4-(6-ethoxy-3,4,8,9-tetrahydro-3.3.8.8-tetramethylfuro[2,3-h]isoquin- 
olin-1-yl)ben2olc acid hydrochloride and 4 M solution of ammonla/methanol by the method similar to that in Example 
83. Yield: 71%. ^ 
Melting point: 179-182 **C (ethyl acetate-hexane). 

1H NMR (CDCI3) 5 1.25 (6H, s), 1.30 (6H. s), 1 .46 (3H. t J = 6,9 Hz), 2.17 (2H. s). 2,68 {2H. s), 4.19 (2H q J = 6 9 
Hz). 5.50-6.50 (2H, m). 6,61 (1 H, s). 7.28 (2H. d. J = 8.6 Hz). 7,84 (2H. d. J = 8.6 Hz). • • 

EXAMPLE 88 

N.PhGnyl-4-(3.4.8,9-tGtrahydro-6.methoxy.3.3.8,8-t6tramethyIfurot2,3.h]isoquinolin-^ hydrochloride 

[0800] 1 -Ethyl-3-(3Hdimethylaminopropyl)carbodiimide hydrochloride (300 mg, 1 .56 mmol) was added to a solution 
of 4-(3.4.8.9-tetrahydro-6-methoxy-3.3.8.8-tetramethylfuro[2.3-hlisoquinoIin-1 -yl)benzoic acid hydrochloride (500 mg 
1 ,20 mmol) and 1 -hydroxy-1 H-benzotriazole monohydrate (202 mg. 1 ,32 mmol) In N.N-dimethylfomiamide (3 mL) with 
cooling m ice and the mixture was stirred for 25 minutes Aniline (0.13 mL. 1 .4 mmol) was added to the resultant mixture 
at the same temperature, and the mixture was stirred at room temperature for 2 hours. The reaction mixture was 
combined with water and a saturated aqueous solution of sodium hydrogen carbonate, and extracted twice with ethyl 
acetate. The combined organic layer was washed with water and brine, dried over sodium sulfate, filtered and con- 
centrated under reduced pressure. The residue was subjected to a column chromatography on a basic silic^ gel (hex- 
ane/ethyl acetate 2:1 followed by 1 :1) to obtain a free base of the title compound. This was dissolved In ethyl acetate 
(5 mL). combined with 0.8 M solution of hydrogen chloride/methanol (2,1 mL). and concentrated under reduced pres- 
sure to obtain the title compound (537 mg, Yield: 91%). 
Amorphous. 

nn NMR (CDCy 6 1.31 (6H. s). 1.64 (6H. s). 2.24 (2H. s). 3.07 (2H. s). 4.01 (3H, s), 6.72 (1H, s), 7.11 (1H, t, J = 7 4 
Hz). 7.33 (2H. t. J.= 7.9 Hz). 7.60 (2H. d. J = 8.0 Hz). 7.92 (2H. d. J = 7.6 Hz). 8.18 (2H. d. J = 7,6 Hz), 9.96 (1H, br s). 

EXAMPLE 89 

N,N-Dimethyl-4-(3,4.8.9-tetrahydro-6-methoxy-3,3,8.8-tetramethylfuro[2.3-hlisoquinolin-1-yl)ben2amid^ 
hydrochloride 

[0801] The title compound was obtained using a 50% aqueous solution of dimethylamine by the method similar to 

that in Example 88, Yield: 88%, 

Amorphous. 

^H NMR {CDCI3) 6 1,36 (6H. s). 1 .69 (6H. s). 2.35 (2H. s). 3.01 (3H. br s). 3.05 (2H, s). 3.13 {3H, br s), 4 03 (3H s) 
6.75 (1 H, s). 7.61 (2H. d. J = 8.4 Hz). 7.72 (2H. d. J = 8.4 Hz), 1 4.20-1 4.60 (1 H. br). * ' 

EXAMPLE 90 

t[4.[[3-(3.4,8.9-Tetrahydro-6.methoxy-3.3,8.8-tetramethylfuro[2,3-hlisoquinolin-1-yl)ben 
phosphonic acid diethyl ester 

[0802] 1 -Ethyl-3-(3-dimethylaminopropyl)carbodiimide hydrochloride (748 mg. 3.90 mmol) and triethylamine (1 .0 mL. 
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7.2 mmol) were added to a solution of 3-{3,4,8,9-tetrahydro-6-methoxy-3.3,8.8-tetramethylfuro[2.3-h]isoquinolin-1-yl) 
benzoic acid hydrochloride (1.37 g, 3.29 mmol). diethyl 4-aminoben2ylphosphonate (730 mg, 3.00 mmol) and 1 -hy- 
droxy- IH-benzotriazole monohydrate (506 mg. 3.30 mmol) in N.N-dlmethylfomiamide (15 mL) and the mixture was 
stin-ed at room temperature for 18 hours. The reaction mixture was combined with water and a saturated aqueous 
5 solut|on of sodium hydrogen carbonate, and extracted twice with ethyl acetate. The combined organic layer was washed 

\twicewif h water and concentrated under reduced pressure. The residue was subjected to a column chromatography 
on a basic silica gel (hexane/ethyl acetate 1 :1 followed by 1 :5) to obtain the title compound (1 .1 6 g, Yield: 64%). 
Amorphous. 

1H NMR (CDCI3) 5 1.25 (6H, s). 1.25 (6H. t. J = 7.1 Hz), 1.31 (6H. s). 2.22 (2H, s). 2.68 (2H. s). 3.14 (2H, d, J = 21.6 
10 Hz), 3.92-4.10 (4H, m), 3.93 (3H. s), 6.63 (1H, s), 7.24-7.34 (2H. m). 7.46-7.53 (2H, m), 7.64 (2H. d, J = 8.0 Hz), 
7.94-8.02 (2H, m), 8.63 (IH, br s). 

EXAMPLE 91 

15 3.4.8.9-Tetrahydro-3.3,8.8-tetramethyM -phenyI-6-furo[2,3-h]isoquinolinol hydrobromide 

[0803] 48% Hydrobromic acid (7.5 mL) was added to 3,4,8,9-tetnahydro-6-methoxy-3,3,8.8-tetramethyl-1 -phenylf uro 
[2.3-h]isoquinoline (500 mg, 1 .49 mmoQ and the mixture was stin^ed at 1 05 for 1 8 hours. The reaction mixture was 
cooled, and the precipitated crystals were recovered by filtration, washed with water, and then air-dried ovemight to 
20 obtain the title compound (463 mg, Yield: 77%). 

^H NMR (DMSO-dg) 5 1 .23 (6H. s). 1 .42 (6H, sj. 2.1 5 (2H. s), 3.09 (2H, s). 6.79 (1 H, s), 7.57-7.80 (5H, m). 1 1 .2-1 1 .4 
(IH, br). 12.1-12.4 (IN, br). 

EXAMPLE 92 

25 

3,4,8,9-TGtrahydro-3,3,8,8-tetramethyl-1-phenyl-6-furo[2,3-h]isoquinolinol 

[0804] 48% Hydrobromic acid (45 mL) was added to 3,4,8,9-tetrahydro-6-methoxy-3,3,8,8-tetramethyl-1 -phenylfuro 

[2.3-h]isoquinoline (3.02 g, 9.00 mmol) and the mixture was heated under reflux for 16 hours. The reaction mixture 
30 was cooled with ice, neutralized with cone, aqueous ammonia, diluted with water, and extracted with ethyl acetate 3 

times. The combined organic layer was washed with brine, dried over sodium sulfate, treated with activated charcoal. 

filtered and concentrated under reduced pressure. The residue was crystallized from ethyl acetate-diisopropyl ether 

to obtain the title compound (2.70 g, Yield: 93%), 

Melting point: 208-210 ^C. 
35 IH NMR (CDCI3) 6 1.26 (6H, s). 1 28 (6H. s), 2.16 {2H, s). 2.66 (2H, s). 6.54 (IH, s), 7.38 (5H. m). 

EXAMPLE 93 

^ 3,4,8,9-Tetrahydro-1-(4-hydroxyphenyl)-6-methoxy-3,3.8,8-tetramethyl-6-furo[2,3-h]lsoquinolinolhydrobro^^^ 

[0805] The title compound was obtained from 3,4,8,9-tetrahydro-6-methoxy-1-(4-methoxyphenyl)-3,3.8,8-tetrame- 
thylfuro[2.3-h]isoquinoline by the method similar to that in Example 91 . Yield: 77%. 
Melting point: 1 94-200 ^'C. 

^H NMR (DMSO-dfi) 5 1 .27 (6H. s), 1 .38 (6H. s), 2.34 (2H. s). 3.03 (2H. s), 6.77(1H, s). 6,99 (2H, d. J = 8.4 Hz). 7.46 
45 (2H, d. J = 8.4 Hz). 10.59 (IH. s). 11.17 (IH. brs). 11.80-11.95 (IH. br). 

EXAMPLE 94 

1-(3-Bromophenyl)-3.4,8.9-tetrahydro-3,3,8,8-tetramethyl-6-furo[2.3-h]isoquinolinol 

50 

[0806] The title compound was obtained from 1 -(3-bromophenyl)-3,4,8,9-tetrahydro-6-methoxy-3.3,B.8-tetramethyl- 
furo[2,3-hJisoquinoline by the method similar to that in Example 92. Yield: 91%. 
Melting point: 202-208 *C (ethyl acetate-diisopropyl ether). 

NMR (CDCI3) 5 1 .25 (6H, s), 1 .32 (6H. s). 2.22 (2H, s). 2.63 (2H. s). 6,52 (1 H. s). 7.24 (1H. t, J = 7.6 Hz), 7.34 (1 H. 
55 dt. J = 7.6, 1 .4 Hz). 7.47-7.54 (1 H. m), 7.57 (1 H. t, J = 1 .4 Hz). 
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EXAMPLE 95 

TrifluorDmemanesulfonicadd(3.4.8.9-tetrahydro^.3,8.84etramethyl-1i,henylfuro[2^ 

ZT^^ri f 1 n"^' ""^^'^^'OP^^ with trifluoromethanesulfonic anhydride (0.60 mL. 3.6 mmoO with cx>olin7n cT 
and stirfed foMO minutes. The reaction morture was combined with wat^ 

hydrogen cartx,nate and extracted twice with ethyl acetate. The combined organic layer was washed twice wrth wateT 
and concen rated under r«luced pressure. The residue was subjected to a column chromatography on a baSS 
gel (hexane/ethyl acetate 10:1) to obtain the title compound (1 .37 g. Yield: 94%). a <»h y on a oasic siiica 



An oil. 



tH>NMR<€Oey 5-1.^5-(6H;s); 1^3^i6Hys=)r2?23•{2H/s)r 2'.7D(2H^^^ (1H, s). 7.41 (5H. s). 
EXAMPLE 96 

IJSrc^Se^"^""""*^ 

[0808J The title compound was obtained from triHuoromethanesulfonic acid (3.4.8.9-tetrahydio-3 3 8 8-tetramethvl- 
1-phenylfuro[2.3-h]isoquinolin-6-yl)esterby the method similar to that in Exarrlple ag Yield- ZZ '^'^^'^'^ 
Melting point: 162-160 "C (methanol-ethyl acetate) 

1H NMR (DMSO-de) » 1-28 (6H. s). 1.43 (6H. brs), 2.32 (2H, s), 3.17 (2H. br s). 7.56 (1H, s), 7.57-7.83 (5H. m). 
EXAMPLE 97 

3,4.8.9-Tetrahydro-3,3.8,8-tetramethyl-1-phenylfurol2.3-hJisoquinoline hydrochloride 

^■^^■^■'^''^"'^'^'^[-^^^^ (1 .00 g, 2.21 mmol), triethylamine (0 92 mL. 6.6 mmol) 

(4mL)andthemixturewasstirredat60-Cfor3.5hoursundernitrogenatmosphere.T1,ereactionmixturewL^^^^ 

pressure^ The residue was subjected to a column chromatography on a basic silica gel (hexane/ethyl acetate 1 5-IHo 
iSeS pdn"T67T79 ^^^^^ " ^'^^"^"^ ''^^ <^'- *e title compound (705 mg. Seld: 934). 

ai Zii^^^BMsn!^). ' ^ ' = ^-^^ = 

EXAMPLE 98 

3.4.8.9-Tetrahydro-3.3.8.8-tetramethyl-1-(3-(4-pyridinyl)phenyl]-6-furo[2.3-hIisoqulnolinol 

2mL n 05 mTo oi^"""' '""'"^ ^"^ te'rakis(triphenylphosphine)palla- 

e h^S fu °r27h,?i^^^^ T1\7.T '° " °' ' -(3-bromophenyl)-3.4.8.9-tetrahydm-3.3i8-te5L- 

" Xn^anoT Sn^^^^^^^ ' """'^ 4-pyridinylboronic acid (334 mg. 2.72 mmol) in toluene (10 

mL) and ethano (3 mL) and the mixture was stirred at 90 <>C for 15 hours under nitrogen atmosphere The react on 

T^f K w ^*'"~"? neutralized with cone, aqueous ammonia, and extracted twice with ethyl ace- 

Sdu^H n^^c^r T^'^^" ""'"^ """^^ ""^'^ ""^^ ^"f^'^- concentrated under 

Si Sd: ^ ^' ^"^ ««*««^«^«-0P^°Py ether to obtaS, tlie title compound (294 

C Melting point: 141-149 **C. 
J 1H NMR (CDCI3) 5 1.27 (12H. s). 2.21 (2H. s). 2.67 (2H. s). 6.58 (1H. s). 7.43-7.58 (4H. m). 7.64-7.73 (2H. m). 8.66 
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(2H, d, J = 6.2 Hz). 
EXAMPLE 99 

3,4,8,9Tetrahydro-3,3,8,8-tetramethyl-6-propoxy-1-[3-(4i>yiidinyl)phenyI]furo[2,3-^ 

(0811 J .'Sodium hydride (66% suspension In oil) (95 mg. 2.6 mmol) was added to a solution of 3,4,8,9-tetfBhydro- 
3,3.8,8-tetranriethyM-{3-(4-pyridinyl)phenyl)-6-furo[2,3-h]isoquinolinol (812 mg. 2.00 mmol) and 1 -iodopropane (0.59 
mL, 6.0 mmol) in N,N-dlmethylfomnamide (4 mL) and the mixture was stin-fed at room temperature for 30 minutes. The 
reaction mixture was poured into water, and extracted twice with ethyl acetate. TTie combined organic layer was washed 
with water and brine, dried over sodium sulfate, filtered, and concentrated under reduced pressure. The residue was 
s«bjecte#fe^a^€o^lln™nxhfomatogFap^ 

tallized from ethyl acetate-hexane to obtain the title compound (614 mg, Yield: 70%). 
Melting point: 132-134 'C. 

1H NMR (CDCI3) 5 1 .04 (3H. t, J = 7.5 Hz). 1 .27 (6H. s), 1 .30 (6H, s). 1 .87 (2H, sixtet. J = 7.2 Hz). 2.21 (2H. s). 2.70 
(2H. S). 4.07 (2H, t, J = 6.9 Hz), 6.63 (1H, s), 7,43-7.57 (4H. m), 7,64-7.71 (2H, m). 8.66 (2H, d. J = 6.0 Hz). 

EXAMPLE 100 

2-p,4,8,9-Tetrahydro-3,3.8,8-tetramethyl-1H:3-(4-pyridinyl)phenyl]furo[2.3-h]isoquinolin-6-yO 

[0812] The title compound was obtained using 2-bromoacetamide by the method similar to that in Example 99. Yield: 
63%. 

Melting point: 120-125 *C (ethyl acetate-hexane). 

NMR (CDCI3) 5 1.28 (6H, s), 1.30 (6H. s). 2.24 (2H, s), 2.71 (2H, s), 4.63 (2H. s), 5.55-5,85 (1H, br), 6.65 (1H, s). 
6.70-6.95 (1 H, br), 7.43-7.59 (4H. m), 7.64-7,73 (2H, m), 8.67 {2H, d, J = 6.4 Hz). 

EXAMPLE 101 

1-(3-Bromophenyl)-6-ethoxy-3.4,8.9-tetrahydro-3,3.8.8-tetramethylfuro[2.3-h]isoquinoline 

[0813] The title compound was obtained from 1-(3-bromophenyl)-3,4.8.9-tetrahydro-3.3,8.8-tetramethyl-6-furo 

[2,3-hlisoquinolinol and iodomethane by the method similar to that in Example 99. Quantitative. 

Amorphous. 

1H NMR (CDCI3) 5 1 .23 (6H, s), 1 .34 (6H. s). 1 .46 (3H. t, J = 7.1 Hz), 2.22 (2H. s). 2.66 (2H. s), 4.18 (2H, q. J = 7.1 
Hz). 6.60 (1H. s). 7.25 (1H, t, J = 7.5 Hz). 7.33 (1H. dt. J = 7.5, 1.7 Hz). 7.52 (1H, dt, J = 7.5. 1.7 Hz), 7.57 (1H, t, J = 
1.7 Hz), 

EXAMPLE 102 

1-(3-Bromophenyl)-6-ethoxy-3,4,8,9-tetrahydro-3,3,8,8-tetramethylfuro[2,3-h]isoquinoline hydrochloride 

[0814] The title compound was obtained from 1-(3-bromophenyl)-6-ethoxy-3,4.8,9-tetrahydro-3,3.8,8-tetramethyl- 
furo[2,3-h]isoquinoline by the method similar to that in Example 29. Yield: 74%. 
Melting point: 21 9-223 ^'C (sealed tube) (methanol-ethyl acetate-diethyl ether). 

^H NMR (DMSO-dg) 5 1.25 (6H, s). 1 .37 (3H, t. J = 7.0 Hz), 1 .44 (6H, br s), 2.22 (2H. s), 3.12 (2H. br s). 4.24 (2H. q. 
J = 7.0 Hz), 7.08 (1H, s), 7.52-7.65 (2H, m), 7.88-7.99 (2H. m). 

EXAMPLE 103 

1-(3-Bromophenyl)-6-butoxy-3,4,8,9-telrahydro-3,3,8,8-tetramethylfuro[2,3-h]isoquinoline 

[0815] The title compound was obtained from 1-(3-bromophenyl)-3,4,8,9-tetrahydro-3,3,8,8-tetramethyl-6-furo 

[2,3-hjisoquinolinol and 1-iodobutane by the method similar to that in Example 99. Yield: 84%. 

Gummy. 

^H NMR (CDCI3) 5 0.98 (3H, t, J = 7.2 Hz). 1 .23 (6H, s), 1 .33 (6H. s). 1 .38-1 .59 (2H, m), 1 .74-1 .90 (2H. m). 2.21 (2H. 
s). 2.66 (2H. s), 4.10 (2H, t. J = 6.8 Hz), 6.60 (1H, s), 7.20-7.29 (IH. m). 7.34 (1H, dt, J = 7.5, 1.5 Hz). 7.48-7.55 (1H 
m).7.57(1H.t.J=1.5Hz). 
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EXAMPLE 104 

1-(3-Br<)mophenyl)-64)utoxy-3.48,9-tetrahydro-3.3.8,84etramethylfuro[2.3-h]isoqu 

f^l^^ K?^ title compound was obtained from 1-(3-Bromophenyl)-6-butoxy-3.4.8,9-tetrahydro-3.3.8.8-tetfafnethyl- 
furo(^,3-hlisoquinoline by the method similar to that in Example 29. Yield: 75% 
Melting'point: 201-205 'C (sealed tube) (methanol-ethyl acetate-diethyl ether) 

«H NMR (DMSOkJb) 5 0.94 (3H. t. J = 7.2 Hz), 1.20-1.60 (8H. m), 1.25 (6H. s). 1 .65-1 .82 (2H m) 2 21 (2H s) 3 12 
(2H, br s). 4.18 (2H. t. J = 6.5 Hz). 7.10 (1H. s). 7.48-7.66 (2H. m). 7.90-7.99 (2H. m). 12.^-13^ (1H. br) 

EXAMPLE 105 

6-Butoxy-3A8.9-tettahydro-3.3.8.8-tetramethyl-1-[3-(4-pyridinyl)phenyOfuro[2,3-hlisoquinolin 

Smm^ n!^nTJ "^^T "^^rlf ^^ '^ ^' ""^"^ <^ ^"^ tetralcis(triphenylphosphine)palla- 
dium(O) (1 .69 g. 1 .46 mmoO were added to a suspension of 1 -(3-bromophenyl)-6-butoxy-3.4.8.9-tetrahydro-3 3 8 8-te- 

^' "^^"^ 4-pyridinylboronic acid (5.38 g. 43.8 mmol) in N.N-^limethyl- 
fomnamKle (75 mL) and the muture was stirred at 1 20 -C for 1 .5 hours under nitrogen atmosphere. The reaction mixture 
was cooled and ^mbined with water and ethyl acetate, and the organic layer was separated, and the aqueous layer 
was extected wrth ethyl acetate. The combined organic layer was washed twice with water, and concentrated under 
r«luced pressure^ The residue was subjected to a column chromatography on a basic silica gel (hexane/ethyl acetate 
MeltiIgS 114 116 »C ^'f^^^-f^exane to obtain the title compound (9.12 g, Yield: 50%). 

^ ^ = ^ ^ s). 1 .39-1 .60 (2^ 

S). 2.70 (2H. s). 4.11 (2H. t. J = 6.9 Hz). 6.63 (IN. s). 745-7.57 (4H. m). 7.64-7.72 (2H: m). 8.66 (2H. d. J = 6 2 Hz) 

EXAMPLE 106 

6-Ethoxy-3,4.8.9-tetrahydro-3.3.8.8-tetramethyl-1-{3-(4-pyridinyl)phenyl]furo[2.3-hJisoquinollne 

K?, Jv^ compound was obtained from 1-(3-bromophenyl)-6-ethoxy-3.4.8,9-tetrahydro-3.3.8.8-tetramethyl- 
furo[2.3-h]Boquinoline by the method similar to that in Example 105. Yield 59% 
Melting point: 102-104 »C (diethyl ether-hexane). 

y NMR (CDCI3) 5 1 .27 (6H. s). 1 .30 {6H, s). 1 .47 (3H, t. J = 7.0 Hz). 2.22 (2H. s). 2 70 (2H s) 4 19 f2H a J - 7 0 
Hz). 6.63 (1H. s). 7.42-7.58 (4H. m). 7.65-7.71 (2H. m). 8.66 (2H. d. j= 6.0 Hz). ^' ~ 

EXAMPLE 107 

6-Ethoxy-3,4,8,9-tetrahydro-3.3.8.84etramethyl-1-phenylfuro[2.3-hJisoquinoline hydrochloride 

Si,„i.Ii^iJ^^ i "!f ^^'l^'T""'* '^"^ 3'4.8.9-tetrahydro-3,3.8,8-tetramethyl-1-phenyl6-furo 

S^J^ rK ?f .! "odomethane by the method similar to that in Example 99. This was dissolved in ethyl acetate. 

Amorphous. 

^. r'^r^i:!;, ' ' = ' ^-^^ (^H. S). 4.28 (2H. q. . - 70 

EXAMPLE 108 

3.4.8,9-Tetrahydro-e-methoxy-3.3.8.8-tetiamethyl-1-phenyl-4-furo[2.3-h]lsoquinolinol 

10820] Aluminum chloride (0.68 g. 5.1 mmol) was added to a solution of 2.3HdihydiD-7-methoxy-2.2-dimethyl-5-(2-me- 
thyl-1-propenyl)benzofuran (1.17 g. 5.04 mmoQ in benzonitrile (10 mL) at -10 -C and the mixture was stirred at the 
same temperature for 5 minutes. The resultant mixture was treated dropwise with bromine (0.26 mL, 5.0 mmol) and 
shjred at roon, temperature for 20 minutes and then at 60 -C for 2 hours. The reaction mixture was cooled combined 
mh water and d.isopropyl ether, stirred, and then the organic layer was separated. The aqueous layer was neutralized 
with cone, aqueous ammonia, combined with ethyl acetate, and then the insolubles were filtered off The aqueous layer 
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was separated, and the organic layer was washed with brine, dried over sodium sulfate, filtered, and concentrated 
under reduced pressure. The residue was recrystalOzed from tetrahydrofuran diethyl ether to obtain the title compound 
(722 mg. Yield: 41%) 
Melting point: 207-212 'C. 



5 1H NMR (CDCI3) 5 1 .25 {3H, s). 1 .31 (6H, s), 1 .32 (3H. s). 2.21 (2H. s). 3.96 (3H, s), 4.48 (1 H, br s). 6.96 (1H, s), 7.40 

% (5H,^).^ 



EXAMPLE 109 . 

10 3-(Bron(Tomethyl)-3.4.8.9-tetrahydro-6-methoxy-3,8,8-triethyl-1-phenylfuro[2.3-h]isoquinolin^ 

[0821*]^' A^umini3ra^.chloride«^(t":01^^g^^^^ solution of 2,3-d!hydro-7-methoxy-2-j2Klimethyl-- 

5-(2-methyl-2i3ropenyl)benzofuran (1 .76 g, 7.58 mmol) in benzonitrile (15 mL) at -5 °C and the mixture was stirred at 
the same temperature for 5 minutes. The resultant mixture was treated dropwise with bromine (0.39 mL, 7.6 mmol), 

15 and stin-ed at room temperature for 25 minutes and then at 60 for 30 minutes. The reaction mixture was cooled,* 
combined with water and diisopropyl ether, stin-ed, and then the aqueous layer was separated, and the organic layer 
was extracted twice with 1 M hydrochloric acid. The combined aqueous layer was neutralized with cone, aqueous 
ammonia with cooling in Ice, and extracted twice with ethyl acetate. The combined organic layer was washed with 
water and brine, dried over sodium sulfate, filtered, and concentrated under reduced pressure. The residue was sub- 

^ jected to a column chromatography on a silica gel (hexane-ethyl acetate 10:1), and crystallized from diethyl ether- 
hexane to obtain the title compound (297 mg. Yield; 9.6%). 
Melting point: 108-110 •C. 



NMR (CDCI3) 6 1 .31 (6H, s). 1.34 (3H. s), 2.20 (2H, s). 2.80 (1H, d. J = 15.8 Hz), 2.96 (1H, d. J = 15.8 Hz). 3.41 
(1H, d, J = 9.9 Hz). 3.57 (1H. d, J - 9.9 Hz), 3.93 (3H, s), 6.60 (1H. s), 7.40 (5H, s). 



EXAMPLE 110 

6-Ethoxy-3,4,8,9-tetrahydro-3.3,8,8-tetramethyl-1-phenylfuro(2,3-h]isoquinoline 2-oxide 

30 [0822] A solution of sodium tungstate(VI) dihydrate (310 mg, 0.940 mmol) in water (3 mL) was added to a solution 
of 6-ethoxy-1 ,2.3.4.8.9-hexahydro-3,3.8,8-tetramethyl-1 -phenylfuro[2.3-hIisoqulnoline (1 .65 g. 4.69 mmol) in methanol 
(1 0 mL). This was cooled, treated dropwise with 30% aqueous hydrogen peroxide (1 .6 g. 1 4 mmol), and stirred at room 
temperature for 15 hours. The reaction mixture was combined with water, and extracted with ethyl acetate 3 times. 
The combined organic layer was washed with water, a 10% aqueous solution of sodium thiosulfate and brine, dried 

35 over magnesium sulfate, filtered, and concentrated under reduced pressure. The residue was subjected to a column 
chromatography on a basic silica gel (hexane/ethyl acetate 5:1 followed by 1 :1 ), and crystallized from diisopropyl ether- 
hexane to obtain the title compound (1 .33 g, Yield: 78%). 
Melting point: 125-126 **C. 

^H NMR (CDCI3) 6 1.27 (6H, s), 1.45 (3H, t, J = 7.0 Hz), 1.48 (6H, s), 1.98 (2H, s), 3.04 (2H, s), 4.16 (2H, q, J = 7.0 
40 Hz), 6.62 (1 H, s). 7.32-7.47 (5H, m). 

EXAMPLE 111 

3,4,8,9-Tetrahydro-6-methoxy-3,3,8,8-tetramethyl-1-phenyIfuro[2,3-hJisoquinoline 2-oxide 

45 

[0823] The title compound was obtained from 1,2,3,4,8,9-hexahydro-6-methoxy-3,3,8,8-tetramethyl-1-phenylfuro 
[2,3-h]isoquinollne by the method similar to that In Example 110. Yield: 84%. 
Melting point: 1 77-1 80 ^'C (diisopropyl ether). 

NMR (CDCI3) 6 1 .28 (6H. s), 1 .49 (6H, s). 1 .99 (2H. s), 3.06 (2H, s). 3.91 (3H, s), 6.63 (1 H, s), 7.27-7.47 (5H, m). 

EXAMPLE 112 

4-(6-Ethoxy-3,4,8.9-tGtrahydro-3,3,8.8-tetramethyl-2-oxidefuro[2,3-h]isoquinolin-1-yl)benzamide 

55 [0824] The title compound was obtained from 4-(6-ethoxy-1 .2,3.4.8.9-hexahydro-3,3,8.8-tetramethylfuro[2,3-hJiso- 
quinolin-1-yI)ben2amide by the method similar to that in Example 110. Yield: 83%. 
Melting point: 134-136. 218-219 *C (ethyl acetate-diisopropyl ether). 

1H NMR (CDCI3) 5 1.28 (6H. s). 1.46 (3H, t. J = 7,1 Hz). 1.48 (6H. s). 2.00 (2H. s), 3.06 (2H. s). 4.17 (2H. q. J = 7.1 
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Hz). 5.40-6.50 (2H, m). 6.64 (1 H, s), 7.55 (2H. d, J = 8.4 Hz). 7.89 (2H, d, J = 8.4 Hz). 
EXAMPLE 113 

5^(Dime%lamino)methyri-3,4.8,94etrahydro-3.3.8.8-tetramethyl-1-phenyl-6^^ 

^ [0825] ' A mixture of 3.4.8.9-tetrahydro-3.3,8.84etfamethyM-phenyl-6-fufo[2.3-hJisoquinolinol (1 .50 g 4 67 mmol) 
parafoimaldehyde (94%) (0.298 g, 9.34 mmol). a 2 M solution of dimethylamine/tetrahydrofuran (7 00 mL 14 0 mmon 
and ethanol (7 mL) was stirred at 60 »C for 20 minutes. The reaction solution was concentrated under reduc^ pressure 
and tfie residue was subjected to a column cfiromatograpfjy on a basic silica gel (fiexane/ethy) acetate 3-1) and re- 
crystallized from tiexane-etfiyl acetate to obtain the title compound (1 .38 g, Yield: 78%) ' 
Mefting'pointf464-1'66#G;' 

1H NMR (CDCI3) S 1 .23 (6H. s). 1.30 (6H. s). 2.14 (2H. s). 2.38 (6H. s). 2.58 (2H. s). 3.74 (2H. s). 7.37 (5H, s). 
EXAMPLE 114 

3.4.8.9-Tetrahydro-6-methoxy-N.N.3.3.8.8-hexamethyt-1-phenyl-5-furo[2.3-hJisoquinollnemethanamine 

[08261 Diisopropyl azodicatboxylate (0.624 mL, 3.18 mmol) was added to a solution of 5-I(dimethylamino)methyl]- 
3,4,8.9-tetrahydro-3,3.8,8-tetramethyl-1-phenyl-6-furo[2,3-h]isoquinolinol (0.40g. 1.06 mmol). methanol (0.128 mL 
3.1 8 mmol) and tnphenylphosphine (0.832 g. 3.1 8 mmol) In tetrahydrofuran (3 mL) with cooling in ice. and the mixture 
was stirred at room temperature for 30 minutes. "Rie reaction solution was combined with 1 M hydrochloric acid and 
washed with ethyl acetate. The aqueous layer was basified with 1 M aqueous solution of sodium hydroxide and then 
extracted with ethyl acetate. The extract was washed with water, and then concentrated under reduced procure Tlie 
residue was subjected to a column chromatography on a basic silica gel (hexane/ethyt acetate 9:1) to obtain the title 
compound (0.40 g. Yield: 96%). An aliquot was reoystallized from hexane. 
Melting point: 124-125 "C. 

IH^NMR (CDCI3) 8 1.23 (6H. s). 1.27 (SH, s), 2.13 (2H. s). 2.25 (6H. s), 2.77 (2H. s), 3.45 (2H. s). 3.92 (3H. s). 7.38 
EXAMPLE 115 

3.4.8.9-Tetrahydro-6-nr>ethoxy-N.N.N.3.3.8.8-heptamethyl-1-phenyl-5-furD[2.3-h]isoquinolinemethanaminiumi^ 

o°!fl u"'"""'®'*'^"® "^^^ ^^^^^^^ ^° « 3.4.8.9-tetrahydro-6-methoxy-N N 

3.3.8.8- hexamethyl-1-phenyl-5-furo[2.3-hJisoquinolinemethanamine (1.50 g, 3.82 mmol) in toluene (10 mL) and the 
mature was stirred at room temperature for 15 hours. The reaction solution was combined with hexane. and the pre- 
cipiteted crystals were recovered by filtration, dried, and then recrystallized from ethanol-ethyl acetate-hexane to obtain 
the title compound (1 .90 g, Yield: 93%). 

Melting point: 174-178 'C. 

'■!\?'i^^?^^°y ^ ' -^^ ^-^^ 2-2^ <2H. s). 2-78 (2H. s). 3.07 (9H. s). 3.94 (3H. s). 4.60 (2H. s). 

' .o/-^.4o (5H, m). 

EXAMPLE 116 

3.4.8.9- Tetrahydro-6-methoxy-3.3,8.8-tetramethyl-1-phenyl-5-I(phenylthlo)methyl]furo[2.3-hlisoquinoline 
hydrochloride 

[0828] Sodium hydride (66% suspension in oil) (68.0 mg. 1 .87 mmol) was added to a solution of thiophenol (0 1 92 
mL, 1.87 mmol) in N.N^imethylformamide (3 mL) with cooling in ice. and the mixture was stirred at room temperature 
for 30 minutes. 3.4.8.9-Tetrahydro-6-methoxy-N,N,N,3,3,8,8-heptamethyl-1-phenyl-5-furo[2,3-hlisoquinolinemethan 
ammium iodide (0.40 g, 0.748 mmol) was added to the mixture, and the mixture was stirred at 70 "C for 1 hour The 
reaction solution was combined with water, and extracted with ethyl acetate. The extract was washed with 1 M aqueous 
solution of sodium hydroxide and water, and then concentrated under reduced pressure. The residue was subjected 
to a column chromatography on a sflica get (hexanetethyl acetate 7:3) to obtain a free base (0.31 g Yield- 91%) of the 
title compound as an oil. 

1H NMR (CDCI3) 5 1.23 (6H. s). 1 .28 (6H. s). 2.13 (2H, s). 2.67 (2H. s). 3.92 (3H. s). 4.24 (2H. s). 7.18-7 45 (10H m) 
[0829] This was converted into a hydrochloride with 4 M solution of hydrogen chloride/ethyl acetate, and then con- 
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centrated under reduced pressure to obtain the trtle compound (0.31 g, Yield: 84%). 
Amorphous. 

1H NMR (DMSO-de) 6 1.25 (6H. s), 1 .43 (6H. s). 2.15 (2H. s). 3.15 (2H. s). 3.90 (3H. s). 4.29 (2H. s), 7.25-7.45 (5H 
m). 7.62-7.80 (5H. m). 

5 

\ EXAMPLE 11 7 
• 6-Ethoxy-3.4,8,9-tetrahydrD-N.N,3.3,8,8-hexamethyM -phenyl 5-furo[2,3-hllsoquinolinemethanamine 

10 [0830] The title compound was obtained using ethanol by the method similar to that in Example 114. Yield: 89%. 
Melting point: 106-107 *'C (hexane). 

^#MM«<€BC%).5^1.23^{6H-s)|1.2&<6Ki&)r 46'(2H--^ 
s). 4.19 (2H. q. J = 7.2 Hz). 7.37 (5H, s). 

15 EXAMPLE 118 

5-I(DimediyIamino)methylh3.4.8,9-tetrahydro-3.3.8,8-tetranfiethyl-1-phenylfufo[2,3-h]i 

[0831] Acetic anhydride (82.3 jiL, 0.872 mmol) was added to a solution of 5-[(dimethylamino)methyl]-3,4,8,9-tetrahy- 
20 dro-3.3,8,8-tetramethyM-phenyl-6-furo[2,3-h]isoquinolinol (0.30 g. 0.793 mmol) in pyridine (3 mL), and the mixture 
was stirred at room temperature for 1 hour. The reaction solution was combined with water, and extracted with ethyl 
acetate. The extract was washed with water, and then concentrated under reduced pressure. The residue was recrys- 
tallized from hexane to obtain the title compound (0.24 g, Yield: 72%). 
Melting point: 125-126 ""C. 

25 1H NMR (CDCI3) 5 1.25 (12H, s). 2.1 7 (2H. s). 2.21 (6H, s), 2.31 (3H, s), 2.79 (2H. s). 3.33 (2H, s). 7.38 (5H. s). 
EXAMPLE 119 



3.4.8,9-Tetrahydro-3,3,8,8-tetramethyI-1-phenyl-5-[(1-pyridinyl)methyl]-6-furo[2,3-h)isoquinolinol 

[0832] The title compound was obtained using piperidine by the method similar to that in Example 113. Yield: 85%. 
Melting point: 164-165 'C. 

1H NMR (CDCI3) 6 1.22 (6H. s). 1,29 (6H, s). 1.40-1.72 (6H. m). 2.14 (2H. s). 2.40-2.79 (4H. m). 2.56 (2H. s). 3.76 
(2H, s). 5.32 (1 H, br s), 7.37 (5H, s). 

EXAMPLE 120 



3.4,8,9-Tetrahydro-6-methoxy-3,3,8.8-tetramethyl-1-phenyl-5-{(1-piperidinyOmethyl]furo[2,3-h]isoquinoli 
dihydrochloride 

40 

[0833] A free base of the title compound was obtained as an oil from 3,4,8,9-tetrahydro-3.3,8.8-tetramethyl-1 -phenyl- 
5-[(1 -piperidinyl)methyl]-6-furo[2,3-h]isoquinolinol by the method similar to that in Example 114. Yield: 85%. 

NMR (CDCI3) 5 1.23 (6H, s). 1,28 {6H. s), 1.37-1.60 {6H, m), 2.13 (2H, s), 2.37-2.44 (4H. m). 2.82 (2H. s), 3.48 
(2H, s), 3.89 (3H, s). 7.38 {5H. S). 
"ts [0834] This free base was converted into a hydrochloride with 4 M solution of hydrogen chloride/ethyl acetate, and 
then concentrated under reduced pressure to obtain the title compound. Yield: 80%. 
Amorphous. 

NMR (DMSO-dg) 6 1.27 (6H. s). 1 .47 (6H. s), 1.55-1.86 (6H. m), 1.90-2.10 (2H, m), 2.19 (2H, s). 2.90-3 10 (2H 
m), 3.80-3.88 (2H, m). 3.96 (3H. s), 4.37 (2H, br s), 7.60-7.82 (5H. m). 

so 

EXAMPLE 121 



6-Ethoxy-3,4,8,94etrahydro-3,3,8,8-tetramethyl-1-phenyl-5-((1-piperidinyl)rpethyl^^^ 

[0835] The title compound was obtained from 3,4,8,9-tetrahydro-3,3,8.8-tetramethyl-1 -phenyl-5-[(1 -piperidinyl)me- 
thyl]-6-furol2,3-h]isoquinolinol and ethanol by the method similar to that in Example 114. Yield: 87%. 
Melting point: 75-77 *C (ethyl acetale-hexane). 

NMR (CDCI3) 5 1.23 (6H. s). 1 .26 (6H. s). 1 .36 (3H. t. J = 7.0 Hz). 1 .40-1 .58 (6H. m). 2.12 (2H, s). 2,37-2 43 (4H 
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m), 2.82 (2H. s), 3.49 (2H. s), 4.16 (2H. q, J = 7.0 Hz). 7.35-7.42 (5H. m). 
EXAMPLE 122 

3.4,,8.9-Tetrahydro-3,3,8.84etramethyl-1-phenyl-5-[(1-piperidinyl)methy^^ 
dihydJ-ochloride 

[0836] A free base of the title compound was obtained from 3,4,8. 9-tetrahydro-3, 3,8. 8-tetramethyl-1 -phenyl-5-r(1 -plp- 
eridinyl)methyl]-6-furo[2.3-h]lsoquinolinol by the method similar to that in Example 118. This was converted into a 
hydrochlonde with 4 M solution of hydrogen chtoride/ethyl acetate, and then concentrated under reduced pressure to 
obtain the title compound. Yield: 96%. 
AmofphotiS'^ 

1H NMR (DMSOKie) 5 1.22 (6H. s), 1.49 (6H, s). 1.61-1.82 (4H. m). 1.93-2.45 (7H, m). 2.95-3.10 (2H. m) 338-3 64 
(4H.m). 4.40-4.48 (2H.m), 7.60-7.83 (5H.m). ^' ^ 

EXAMPLE 123 

3,4,8.9-TetiBhydro-6-methoxy-3,3,8.8-tetramethyl-1-(3-nitrophenyl)furo[2,3-h]lsoqu!noline 

[0837] :eonc. sulfuric acid (2.75 mL, 51.6 mmol) was added to a solution of 2,3.dihydro-7-methoxy-2 2-dimethy|. 
5-{2-methyl-1-propenyl)ben2ofuran (6.00 g. 25.8 mmol), 3-nitrobenzonitrile (3.83 g. 25.8 mmol) and acetic acid (18 
mL) in toluene (24 mL). and the mixture was stirred at 80 for 1 hour The reaction solution was combined with 
excessive aqueous ammonia, and extracted with ethyl acetate. The extract was washed with water, and concentrated 
under reduced pressure. The residue was subjected to a column chromatography on a basic silica gel (hexane/ethyl 
acetate 1 7:3) to obtain the title compound (4.28 g, Yield: 44%). 
Amorphous. 

1H NMR (CDCI3) 5 1.26 (6H, s), 1 .32 (6H, s), 2.19 (2H, s). 2.71 (2H, s). 3.94 (3H. s), 6.65 (1H. s). 7.59 (1H, t. J = 7 8 
Hz). 7.73-7.79 (1H. m), 8.22-8.32 (2H. m). 

EXAMPLE 124 

3,4.8,9-Tettahydro-3,3.8.8-tetramethyl-1-(3-nitrophenyl)-6-furo[2,3-h]isoquinolinol 

P^l y,""^^' ^'^osP'^ef^s- a "li'rture of 3.4.8,9-tetrahydro-6-methoxy-3,3.8,8-tetramethyl-1 -(3-nitrophenyl) 
furo[2,3-h]isoquinoline (4.20 g. 11.0 mmoO and hydrobromic acid (42 mL) was stirred at 100 "C for 20 houre The 
reaction solution was cooled, combined with aqueous ammonia, and then extracted with ethyl acetate The extract 
was washed with water, and then concentrated under reduced pressure. The residue was subjected to a column chro- 
matography on a silica gel (hexane/ethyl acetate 1 :1). and recrystallized from ethyl acetate-hexane to obtain the title 
compound (2.50 g, Yield: 62%). 
Melting point: 239-241 'C. 

iH NMR (CDCI3) 5 1.26 (6H. s). 1.30 (6H. s). 2.18 (2H. s), 2.67 (2H. s). 6.62 (1H. s). 7.S8 (1H. t. J = 7.8 Hz). 7.73-7.80 

(1H, m), 8.22-8.31 (2H, m). 

EXAMPLE 125 

3.4.8,9-Tetrahydro-3,3.8,8.tetramethyl-1-(3-nltrophenyl)-5-[(1-plperldlnyl)methyl].6-fu^ 

[0839] The title compound was obtained from 3,4.8,9-tetrahydro-3.3.8.8-tetramethy|.1 -(3-nitrophenyl)-6-f uro[2 3-h] 

isoquinolinol and piperidine by the method similar to that in Example 113. Yield: 78%. 

Anfiorphous, 

IH^NMR (CDCI3) 6 1.24 (6H, s), 1.31 (6H. s). 1.46-1.72 (6H, m). 2.13 (2H, s), 2.40-2.80 (4H. m). 2.58 (2H. s). 3.78 
(2H.S). 6.30 (1H.S). 7.56 (IH.t, J = 8.0 Hz). 7.72-7.78 (IH.m). 8.22-8.31 (2H.m). 

EXAMPLE 126 

6-Ethoxy-3.4.8.94etrahydrD.3.3.8.8.tetranriethyl-1-(3-nitrophenyl)-5-[(1.pi^ 

[0840] Thetitiecompoundwasobtalnedfrom3Aa,9-tetrahydro.3.3,8,8-tetramethyl-1-(3-ni^^ 
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nyl)methyl]-6-furo[2,3-h]isoquinolinol and ethanol by the method similar to that in Example 1 1 4. Yield: 97%. Amorphous. 
1H NMR (CDCI3) 6 1 .24 (6H. s). 1 .28 (6H, s). 1 .37 (3H. t. J = 7.0 Hz). 1 .40-1 .60 {6H. m). 2.1 1 (2H. s), 2.36-2.44 (4H. 
m). 2.84 (2H. s). 3.49 (2H. s), 4.1 8 {2H. q, J 7.0 Hz), 7.57(1 H, t, J = 8.0 Hz). 7.78 (1 H. d. J = 8.0 Hz). 8.22^.31 (2H. m). 

5 EXAMPLE 127 

3-[6-Ethbxy-3,4,8.9-tetrahydro-3,3,8,8-tetramethyl-5-[(1 -plperidinyl)methyl]furo[2,3-h]isoquinolin-1 -yljbenzenamine 

[0841] 20% aqueous solution of titanium trichloride (9.13 mL. 14.2 mmol) was added to a solution of 6-ethoxy- 
10 3.4,8,9-tetrahydro-3.3,8,8-telramethyl-1 -(3-nitrophenyl)-5-[(1 -piperidinyl)methyl]furo[2,3-h]isoquinoline (1 .00 g, 2.03 
mmol) in acetic acid (5 mL) and the mixture was stirred at room temperature for 30 minutes. The reaction solution was 
poured intoanexcessive'saturated aqueous^solution ofsodiunrvhydrogencarbonate, and extracted'with'ethyl'acetate^ 
The extract was washed with water, and then concentrated under reduced pressure to obtain the title compound (0,90 
g, Yield: 96%). 
15 Amorphous. 

NMR (COCI3) 5 1 .21 (6H. s). 1 .28 (6H, s). 1 .36 (3H. t, J = 7.2 Hz). 1 .42-1 .58 (6H, m). 2.27 (2H. s), 2.38-2,45 (2H. 
m). 2.80 (2H. s). 3.48 (2H, s). 3.77 (2H, br s). 4.16 (2H. q. J = 7.2 Hz), 6.66-6.76 (3H. m), 7.13 (IN, t, J = 7,4 Hz). 

EXAMPLE 128 

20 

2-{[[3-[6-Ethoxy-3,4.8,9-tetrahydro-3,3,8.8*tetramethyl-5-[(1-piperidlnyl)methyI]furo[2,3-h]i^ 
amino]carbonyl]benzoic acid 

[0842] A solution of phthalic anhydride (0.314 g, 2.12 mmol) in tetrahydrofuran (3 mL) was added to a solution of 
25 3-[6-ethoxy-3,4,8.9-tetrahydro-3,3,8,8-tetramethyl-5-{(1-piperidinyl)methyGfuro(2,3-h]isoquinolin-1-^^^^ 

(0.98 g, 2.1 2 mmol) in tetrahydrofuran (3 mL), and the mixture was stirred at room temperature for 4 hours. The reaction 
solution was combined with diisopropyl ether, and the precpitated crystals were recovered by filtration and dried to 
obtain the title compound (1 .20 g, Yield: 93%). 
Melting point: 1 55-1 57 

30 1H NMR (DMSO-de) 5 1.13 (6H, s), 1.26 (6H. s). 1.28 (3H. t, J = 7.0 Hz). 1.40-1.60 (6H. m). 2,34 (2H. s), 2.42-2.56 
(4H. m). 2.78 (2H. s). 3.60 (2H, s), 4.12 (2H. q, J = 7.0 Hz). 7.08 (1H. d. J := 7.8 Hz). 7.36 (1H, t, J = 7.8 Hz), 7.58-7.84 
(7H, m). 10.77 (IH.brs). 

EXAMPLE 129 

35 

2-[3-I6-Ethoxy-3,4,8,9-tetrahydro-3,3,8,8-tetramethyl-5-[(1i3iperidinyl)methyl]furo[2,3-h]isoquino1i 
isoindole-1 ,3(2H)-dione 

[0843] A mixture of 2-fI[3-[6-ethoxy-3,4,8,9-tetrahydro-3,3,8,8-tetramethyl-5-{(1 -piperidinyl)methyl]f uro[2,3-h]isoqui- 
40 nolin-1 -yl]phenyl]aminolcart3ony l]benzoic acid and acetic anhydride (5 mL) was stin-ed at 1 00 ^'C for 1 hour. The reaction 
solution was combined with an excessive saturated aqueous solution of sodium hydrogen cartronate, and extracted 
with ethyl acetate. The extract was washed with water, and then concentrated under reduced pressure. The residue 
was subjected to a column chromatography on a silica gel (ethyl acetate), and recrystallized from methanol-diisopropyl 
ether to obtain the title compound (0.50 g, Yield: 52%). 
"^5 Melting point: 1 76-1 77 °C. 

^H NMR (DMSO-de) 61.18 (6H, br s), 1 .23 (3H, t. J = 7.0 Hz), 1 .27 (6H, s), 1 .43 (6H. br s), 2.35 (4H, br s), 2.62-2.83 
(4H. m), 3.42 (2H, s), 4.11 (2H, q, J = 7.0 Hz), 7.38-7.40 (1H, m), 7.43-7.61 (3H, m), 7.84-7.96 (4H, m). 

EXAMPLE 130 

50 

N-[3-[6-Ethoxy-3.4,8,9-tetrahydro-3,3.8,8-tetramethyl-5-[(1-plperidinyl)methyl]furo[2,3-h]isoquinolin 
methanesutfonamide 

[0844] Methanesulfonyl chloride (0.352 mL. 4.56 mmol) was added to a solution of 3-[6-ethoxy-3,4,8,9-tetrahydro- 
55 3,3,8.8-tetramethyl-5-((1 -piperidlnyOmethyllfuro[2,3-h]isoquinolin-1 -yljbenzenamine (0.70 g, 1 .52 mmoQ in pyridine (4 
mL) and the mixture was stinted at room temperature for 3 hours. The reaction solution was combined with an excessive 
saturated aqueous solution of sodium hydrogen cariaonate, and extracted with ethyl acetate. The extract was washed 
wfth water, and then concentrated under reduced pressure. The residue was recrystallized from methanol-diisopropyl 
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ether to obtain the title compound (0.52 g, Yield: 63%). 
Melting point: 230-231 'C. 

iHNMR(DMSO-de)51.12(6H.s).1.24(6H.s).1.28(3H.t.J=7.0H2).1.42(6H.brs) 2,22 (2H s) 234(4H brs^ 
2.74 {2H, s). 2.99 (3H. s). 3.44 (2H. brs), 4.09 (2H. q, J = 7.0 HZ). 7.10.7.15 (^^^^ 

EXAM f?LE 131 

[CMS] Methanesulfonyl chloride (0.1 84 mL, 2.38 mmol) was added to a solution of N-(3-{6^thoxy-3 4 8 9-tetrahvdro- 
3;3,8,a^t^emyM^t,.-piperidiny.)n^W„P0f2,a^^^ 

mmol) and tnethylamine (0.496 mL, 3.57 mmol) in tetrahydrofuran (5 mL) and the mixture was heated under reflux for 
20 mjnutes. The reaction mixture was cooled, poured into a saturated aqueous solution of sodium hydrogen carbonate 
and then extracted with ethyl acetate, "me extract was washed with water, and then concentrated under r JiuSl pi J 
sure. .residue was subjected to a column chromatography on a basic silica gel (hexane/ethyl acetate 21) and 
then recrystallized from methanol-diisopropyl ether to obtain the title compound (0 45 a Yield- 61%^ 
Melting point: 118-119 »C f v • », uciu. oi a>;. 

EXAMPLE 132 

3.4,8.9-Tetrahydro-3.3.8.8-tetramethyl-S-(2-methylethyl)-1-phenyl-6-furo[2.3-h]isoquinolinol 

2 ^«„i m «^ ''f 9-tetrahydro-3.3.8,8-tetramethyl-1-phenyl-6-furc[2.3.hJisoquinolinol (0.30 g. 0.933 mmoh 
2-propanol (0.357 mL. 4.67 mmol) and cone, sulfuric acid (0.995 mL. 18.7 mmol) was sUrred at 55 -C for 1 hour The 

K f • ? ^'^'^ "^^^ ^"^ concentrated under reduced pressure The 

tS^ fZ i t . \ Chromatography on a basic silica gel (hexane/ethyl acetate 3:1 ), and then recrys- 
tallized from ethyl acetate-hexane to obtain the title compound (0.18 g Yield- 53%) 
Amorphous. ' 

7^37 rSH. mr''^ ^ ''^"^ ' ' = ''^ ^ ^^H. s). 2.70 (2H. s). 3.25-3.46 (1H. m). 

EXAMPLE 133 

3.4.8.9Tetrahydro-6-methoxy-3.3.8.8^etramethyl-5^1-methylethyO-1-phenylfuro[2,3-h]isoquinolinehyd 

y^ethyl)-1-phenyl-6-furo[2.3-hlisoquinolinol by the method similar to that in Example IM. Yidd: sg^A X frle base 

' . " "l^ "^"'"'^ '^'^ ^ Of Mrogen chloride/ethyl acitate. and then concent S unS' 

reduced pressure to obtain the title compound. Yield: 65%. 
Amorphous. 

3^97 r3H.TS2^T8 (Ih. m'J: ' ' = " ^ ' ^ ^ ' ^^^^ ^ ^^'^-^ <^ 



3 

EXAMPLE 134 



6-Ethoxy-3.4.8.9-tetrahydro-3.3.8.8-tetramethyl-5-(1-methylethyl)-1-phenylfuro[2,3-hllsoquinoline hydrochloride 

ylethyl)-1-phenyl-6-furo[2.3-h]isoquinolinolandelhanol by the method similarto that in Elc^iipte 
«,t^rHrj"T'*' ^ f'y^^^ochloride With 4 M solution of hydrogen chloride/ethyl acetate, and then concen- 
trated under reduced pressure to obtain the title compound. Yield: 39%. 
Amorphous. 

T.^r?l^?u ' f ' ' = ' ° ' ^ (3"- = 7 0 "^)- ^ (2H. s) 3 17 

(2H.S). 3.31-3.46 (IH.m). 4.33 (2H.q. J = 7.0 Hz). 7.52-7.78 (5H.m). 
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EXAMPLE 135 

3,4,8,9-Tetrahydro-3.3.8.8-tetramethyl-5-(1 -methylethyl)-1 -phenylfuro[2,3-h]isoquinolin-6-yl acetate hydrochloride 

5 [0849] A free base of the title compound was obtained as an oil from 3,4,8,9-tetrahydro-3,3,8,8-tetramethyl-5-(1 -meth- 

\ylethyf)j1-phenyl-6-furo[2,3-hIisoquinolinol by the method similar to that in Example 118, Yield: 93%. This was con- 
verted into a hydrochloride with 4 M solution of hydrogen chloride/ethyl acetate, and then concentrated under reduced 
pressure to obtain the title compound. Yield: 87%. 
Amorphous. 

10 1H NMR (DMSO-dfi) 51.19 {6H. s), 1 .26 (6H, d. J = 7.0 Hz). 1 .48 (6H. s), 2.1 7 (2H, s), 2.35 (3H. s). 3.23 (2H. s). 3.35 
(1H, septet. J = 7.0 Hz), 7.60-7.80 {5H, m). 

EXAMPLE 136 

15 3,4,8.9-Tetrahydro-3,3,8,8-tetramethyl-6-[(2-methyl-2-propenyl)oxyl-1-phenylfuro[2.3-h]iso 

[0850] Under nitrogen atmosphere, a suspension of 3,4,8.9-tetrahydro-3,3,8,8-tetramethyl-1-phenyl-6-furo[2,3-h] 
Isoguinolinol (0.80 g, 2.49 mmol), 3-chloro-2-methyl-1 -propene (0.258 mL, 2.61 mmol) and potassium cartjonate (0.361 
g, 2.61 mmol) in N.N-dimethylfonnamide (4 mL) was stirred at 80 •'C for 2 hours. The reaction mixture was combined 

20 with water and extracted with ethyl acetate. The extract was washed with water, and then concentrated under reduced 
pressure. The residue was subjected to a column chromatography on a basic silica gel (hexane/ethyl acetate 9:1) to 
obtain a free t>ase (0.93 g. quantitative) of the title compound as an oil. An aliquot was converted irito a hydrochloride 
salt with 4 M solution of hydrogen chloride/ethyl acetate, and then concentrated under reduced pressure to obtain the 
title compound. 

25 Amorphous. 

^H NMR (DMSO-dg) 5 1 .23 (6H, s). 1 ,46 (6H, s), 1 .78 (3H. s). 2.17 {2H. s). 3.1 5 (2H. s). 4.70 (2H. s). 6.02 (1H. s), 5.08 
(1H, s), 7,11 (IH, s), 7.61-7.80 (5H, m). 

EXAMPLE 137 

30 

3,4.8,9-Tetrahydro-3.3,8.8-tetramethyl-5-(2-methyl-2-propenyl)-1-phenyl-6-furo[2,3-h]lsoquinollnol 

[0851] Under nitrogen atmosphere, a solution of 3,4,8,9-tetrahydro-3.3,8,8-tetramethyl-6-[(2-methyl-2-propenyl) 
oxy]-1-phenylfuro[2,3-h]isoquinoline (0.78 g, 2.08 mmol) in N.N-diethylaniline (4 mL) was stirred at 205 for 4.5 
35 hours. The reaction solution was cooled, and then combined with hexane, and the precipitated crystals were recovered 
by filtration. Recrystallization from ethyl acetate-hexane gave the title compound (0.41 g. Yield: 53%). 
Melting point: 1 96-1 98 •C. 

NMR (CDCI3) 5 1,22 (6H, s). 1 .28 (6H, s). 1 .84 (3H. s), 2.17 (2H, s). 2.59 (2H, s). 337 (2H, s), 4.51 (IH. s), 4,80 
(IH, s), 7,37 (5H,s), 

40 

EXAMPLE 138 

3.4,8.9-Tetrahydro-3,3,8,8-tetramethyl-1-phenyl-6-((2-propynyl)oxy]furo[2,3-hlisoquinoline hydrochloride 

45 [0852] Under nitrogen atmosphere, a mixture of 3,4,8,9-tetrahydro-3,3,8,8-tetramethyl-1 -phenyl-6-furo[2,3-h]isoqu!- 
nolinol (1.00 g. 3.11 mmol), propargyl bromide (0.305 mL, 3.42 mmol), potassium carisonate (0.473 g, 3.42 mmol) and 
N,N-dimethylformamide (10 mL) was stirred at 60 °C for 2 hours. The reaction mixture was combined with water, and 
extracted with ethyl acetate. The extract was washed with water, and then concentrated under reduced pressure. The 
residue was subjected to a column chromatography on a silica gel (hexane/ethyl acetate 1 :1) to obtain a free base 

50 (1.11 g, quantitative) of the title compound as an oil. 

NMR (CDCia) S 1.25 (6H, s), 1 .30 (6H. s). 2.19 (2H, s). 2.55 (IH, t. J = 2.4 Hz). 2.70 (2H, s). 4.83 (2H. d. J = 2.4 
Hz), 6.77 (1H, s). 7.39 (5H, s). 

[0853] An aliquot was converted into a hydrochloride salt with 4 M solution of hydrogen chloride/ethyl acetate, and 
then concentrated under reduced pressure to obtain the title compound. 
55 Amorphous. 

NMR (DMSO-dg) 5 1,23 (6H. s). 1.46 (6H, s), 2.18 {2H. s), 3.17 (2H, s). 3.76 (IH, s). 5.02 (2H, s). 7.14 (IH s) 
7.62-7.80 (5H, m). 
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EXAMPLE 139 

4-(3.4.8.9-Tetrahydro-6-metho>(y-3,3.83-tetramethylfuro[2.3-h]isoquinolin-1-yl)ben2^^ 

[08541 A mWure of 4-(3.4.8.9-tetrahydro-6^ethoxy-3.3,8.8-tetramethylfuro{2.3-hlisoquinolin-1-yl)ben2oic acid hy- 
i drocWojide (0.30 g. 0.721 mmol) and thionyl chloride (1 mL) was stirred at 70 -C for 1 hour The reaction solution was 
concentrated under reduced pressure to obtain the title compound (0.30 g, Yield: 96%). This was used in the next 
reac^on without further purification. 

EXAMPLE 140 

3Wl849-TetrahydR^«^TOthoxy-3.^8i8^etrafnett^ 

[0855] The title compound was obtained as an amorphous material using 3-(3.4,8,9-tetrahydro-6-methoxy-3 3 8 8-te- 
tramethylfuro[2.3-hlisoquinolin-l-yl)benzoic acid hydrochloride by the method similar to that in Example 139 Yield- 
96%. This compound was used in the next reaction without further purificatton. 

EXAMPLE 141 

N-(4-Pyridinyl)^K3.4.8.9-tetrahydro-6-methoxy-3.3.8,8-tetramethylfuro[2.34i]isoquinolin-1-^^^ 
dihydrochloride 

^?^«on'*"^^;t:^f'^®^'!!'^'^'*'"^''"^^*'*''^'^'^'®"®"***'^^*^y'^"~r2.3-hJ^^ cWonde hydrochlo- 

"'^ n ^ ^'''^^ *° ^ °' 4-aminopyridine (71 .5 mg. 0.760 mmol) and triethylamine (0116 

mL 0^829 mmol) in N.N-dimethylfomiamide (1 mL) with cooling in ice, and the mixture was stirred at room temperature 
for 1 hour. The reaction mixture was combined with a saturated aqueous solution of sodium hydrogen cartx>nate and 
extracted with ethyl acetate. The extract was washed with water, and then concentrated under reduced pressure' The 
residue was subjected to a column chromatography on a silica gel (ethyl acetate/methanol 1 9:1 ) to obtain a free base 
(0.31 g. Yield: 98%) of the title compound as an oil. This was converted into a hydrochloride salt with 4 M solutbn of 
hydrogen chlonde/elhyl acetate, concentrated under reduced pressure, and then recrystallized from methanol-ethyl 
acetate to obtain the title compound (0.29 g. Yield: 74%). 
Melting point: 194-198 "C. 

iHNMR(DMSO-d6)51.24(6H,s),1.49(6H,s),2.22(2H.s).3.20(2H.s).3.96(3H.s),713(1H s) 7 84(2H d J- 
8.0 H2), 8.45 (2H, d. J = 8.0 Hz), 8.63 {2H, d, J = 7.0 Hz). 8.82 (2H; d. j = 7.0 Hz). 12.55 (IH. sV." " 

EXAMPLE 142 

N-(3-PyridinyO-4K3.4,8.9-tetrahydro^-methoxy-3.3,8.8-tetramethylfuro^^ 
dihydrochlonde 



PM71 The title compound was obtained using 3-aminopyridine by the method similar to that in Example 1 41 . Yield: 
Amorphous. 

ISIMR (DMSO-dfi) 5 1.24 (6H. s). 1.49 (6H. s). 2.23 (2H. S), 3.20 (2H. s). 3.96 (3H, s). 7.14 (IH. S), 7.84 (2H d J = 

?^i5 oh; st'"' ' ' ' = ^■^'^■-)- 



EXAMPLE 143 



N-(2-PyridinylH-(3.4.8.9-tetrahydro-6-metho^^^ 
dihydrochloride 



[0^] The title compound was obtained using 2.aminopyridine by the method similar to that in Example 141 . Yield: 
Amorphous, 

21 l^^t^y * ^ ^ ''^ 2^ 3 20 (2H. s). 3.96 (3H. s), 7.1 3 (1 H. s), 7.38-7 46 (1 H 

?oaf^^ "^'^ ^-^^-^^3 '")■ 8 12-8.20 (IH, m), 8.37 (2H. d. J = 7.8 Hz). 8.53 (IH. d, J = 4.4 Hz), 

l^-vM- I 111, S). ' 
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EXAMPLE 144 

N-{4-Pyridiny(methyl)-4-(3,4,8,9-tetrahydro-6-methoxy-3,33,8-tetrameth 
dihydrochloride 



\ 



10 



[0859] The title compound was obtained using 4-(aminomethyOpyridine by the method similar to that in Example 
141. Yi6ld:75%. 

Melting point: 220-225 (methanol-ethyl acetate). 
1H NMR (DMSO-de) 5 1 .24 (6H. s). 1 .48 (6H, s). 2.22 (2H. s), 3.1 9 (2H. s). 3.95 (3H, s). 4.77 (2H, d. J = 5.4 Hz) 7 13 
(1H. s), 7,78 (2H. d, J = 8.4 Hz), 7.98 (2H, d. J = 6.2 Hz), 8.23 (2H, d. J = 8.4 Hz). 8.87 (2H. d. J = 6.2 Hz), 9.96-10 03 
(1H, m). 

EXAMPLE 145 

N-(3-Pyridiny!methyl)-4-(3,4.8,94etrahydro-6-methoxy-3,3,8,8-tetramethylfuro[2.3-hp^^^ 
dihydrochloride 

[0860] The title compound was obtained using 3-(aminomethyl)pyridine by the method similar to that in Example 

141. Quantitative. 

Amorphous. 

1H NMR (DMSO-de) 6 1 .23 (6H, s). 1 .47 (6H. s). 2.22 (2H. s), 3.18 {2H. s), 3.95 (3H. s), 4.70 (2H. d, J = 4.0 Hz), 7.12 
(1H. s). 7.77 (2H, d. J = 8.0 Hz). 8.01-8.08 (1H. m), 8.22 (2H. d. J = 8.0 Hz). 8.58 (IH. d. J = 7.4 Hz), 8.85 (1H. d. J = 
5.2 Hz), 8.95 (IH, s), 9.95-10.04 (IH. m). 

EXAMPLE 146 

N-(2-PyridinylmethyO-4-{3,4,8,94etrahydro-6-methoxy-3,3,8,84etramethylfuro[2,3-hJisoquinolin-1-yl)b 
dihydrochloride 

[0861] The title compound was obtained using 2-(amlnomethyl)pyridine by the method similar to that in Example 

141. Yield: 75%. 

Amorphous. 

1H NMR (DMSO-dfi) 6 1 .24 (6H, s). 1 .48 (6H, s), 2.21 (2H, s), 3.19 (2H. s), 3.95 (3H, s), 4.90 (2H, s), 7.13 (IH. s), 7.78 
(2H, d. J = 7.2 Hz), 7.90-8.04 (2H, m). 8.24 (2H, d. J = 7.2 Hz). 8.46-8,55 (1 H, m). 8.85 (1 H. d. J = 4.8 Hz). 1 0.05 (1 H. s). 

EXAMPLE 147 

N<2-(4-Pyridinyl)ethyl]-4-(3,4,8,9-tetrahydro-6-methoxy-3.3,8,8-tetramethylfuro[2.3-hlisoquinolin-1-yl)benz^ 
dihydrochloride 

[0862] The title compound was obtained using 4-(2-aminoethyl)pyridine by the method similar to that in Example 

141. Yield: 83%. 

Amorphous. 

IH NMR (DMSO-dg) 6 1 .23 (6H, s), 1 ,47 (6H. s). 2.18 (2H, s), 3.16-3.27 (4H, m). 3.65-3.76 (2H. m), 3.95 (3H, s). 7.12 
(IH, s), 7.72 (2H. d. J = 7.6 Hz). 7.96-8.12 (4H. m). 8,84 (2H. d, J = 5.6 Hz), 9.25 (IH, br s). 

EXAMPLE 148 

N-(4-Pyridinylmethyl)-3-{3,4,8,9-tetrahydro-6-methoxy-3,3.8,8-tetramethy(furo[2,3-h]isoquinolin-1-yl)benzamide 

[0863] 3-(3,4.8,9-Tetrahydro-6-methoxy-3,3,8.8-tetramethylfuro[2,3-h]isoquinolin-1 -yl)benzoyl chloride hydrochlo- 
ride (0.50 g, 1 .15 mmol) was added to a solution of 4-{aminomethyl)pyridfne (0.129 mL, 1 .27 mmol) and triethylamine 
(0.193 mL. 1.38 mmol) in N,N-dimethylfomi amide (5 mL) with cooling in ice, and the mixture was stirred with cooling 
in ice for 30 minutes. The reaction mixture was combined with a saturated aqueous solution of sodium hydrogen 
carbonate, and extracted with ethyl acetate. The extract was washed with water, and then concentrated under reduced 
pressure. The residue was recfystallized from ethyl acetate-diisopropyl ether to obtain the title compound (0 32 q 
Yield: 59%). ^ 
Melting point: 197-198 'C. 
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1H NMR(CDCl3) 5 1.19 (6H.s).1. 30 (6H.S). 2.18 (2H,s). 2.63 (2H.S). 3.93 (3H.S). 4.59 (2H d J = 60H2) 6 61 
(1H, s). 7.19 (2H. d. J = 5.8 Hz). 7.41-7.53 (3H. m). 7.93-8.01 (2H. m). 851-8.56 (2H. m). 



EXAMPLE 149 



Y N^2^-pridinyl)ethyl]-3K3,4.8.9-tetrahydro-6^ethoxy-3,3.8.8-tetramemylfuro[2.34^^ 

' l"^Yielch68»r^ '^^ ""'^"^ '^"^ 4-(2-aminoethyl)pyridine by the method similar to that In Example 

10 Melting point: 1 44-1 45 'C (ethyl acetate-diisopropyl ether) 

1H NMR (CDCy 5 1 .24 {6H. s). 1 .30 (6H. s). 2.1 7 (2H. s), 2.68 (2H. s), 2.91 (2H. t, J = 7.2 Hz) 3 70 (2H q J - 7 2 

'5 EXAMPLE 150 

nde (OjlO g. 0.691 mmol) was added to a solution of 2-aminopyrimidine (72.3 mg. 0.760 mmol) in pyridine (3 mL) and 
memDdure was stined at room temperaturefor2hou,s. The reaction solution wa^ 

concentrated under reduced pressure. The residue was converted into a hydrochloride salt with 4 M solution of hydm- 
7^1) "^"^"fated under reduced pressure to obtain the title compound (0.29 g. Yield: 

Amorphous. 

1H NMR (DMSO^ « 1.24 (6H. s). 1.48 (6H. s), 2.18 {2H. s), 3.20 (2H. s), 3.97 (3H s) 7 11 (1H s) 7 38-751 MH 
m). 7.83 (2H. d, J = 8.0 Hz). 8.50 (2H. d. J = 8.0 Hz). 8.92-9.98 (2H. m)! 11.82 (1H. br s) ^ ' 

EXAMPLE 151 

N-PyrazinyM-(3,4.8.9-tetrahydro-6-methoxy-3.3,8.8-tetramethylfuro[2.3-hlisoquinolin-1-yl)benzamide 

S-«f^^n1;af'^^''n''^'^~"^:'^^*°^"^'^'^ hydrochlo- 
nde (0.30 g. 0 691 mmoQ was added to a solution of aminopyrazine (72.3 mg. 0.760 mmol) in pyri'dine (3 mL) and the 

T T . . "'"^ ^^'"P^'^^"^^ 5 hours. The reaction solution was combined with a saturated aqueous 

wnoentrated under reduced pressure. The residue was subjected to a column chromatography on a basfc silica gel 
(ethyl acetate/methanol 19:1) to obtain the title compound (0.27 g Yield- 86%) 
Amorphous. . 

^4 Hzw'^f.H'^^ Vf.^."; "-'^ ^ (3"- (1H. s). 7.58 (2H. d. J = 

8.4 Hz), 7.99 (2H. d, J = 8.4 Hz). 8.27-8.33 (1H. m). 8.42 (1 H. d. J = 2.6 Hz). 8.61 (1 H. br s). 9.75 (1 H, d. J = 1 .6 Hz). 

« EXAMPLE 152 

N-(e-Chtoro-3-pyridazinyl).4-(3,4,8.9-tetrahydro-e-methoxy-3,3,8.8-tetramethylfuro(2,3-hlisoquinolin-1-yl)benza^ 
» Seli compound was obtained using 3-amino-6-chloropyrida2ine by the method similarto that in Example 



20 



25 



30 



35 



40 



Amorphous 



9.2 Hz). 7.25 (1 H. d. J = 9.2 Hz), 7.59 (2H. d. J = 8.4 Hz). 8.00 (2H. d. J = 8.4 Hz). 9.18 (1H, br 8). 
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EXAMPLE 153 



N-(4-Pyridinyl)-3K3.4,8.9-tetrahydro-6HTiethoxy-3,3.83-tetramethylfuro[^ 

5 [0868] 3-(3,4,8,9-Tetrahydro-6-melhoxy-3.3,8,84etramethylfuro[2.3-h]isoquinolin-1 -yl) chloride hydrochlo- 

\ ride (0.50 g, 1,15 mmol) was added to a solution of 4-aminopyridine (0.119 g. 1 .27 mmol) In pyridine (5 mL) and the 
, mixtureAvas stirred at 50 °C for 1 hour. The reaction solution was combined with a saturated aqueous solution of sodium 
• hydrogen cartonate. and extracted with ethyl acetate. The extract was washed with water, and then concentrated 
under reduced pressure. The residue was recrystallized from ethyl acetate-dilsopropyl ether to obtain the title com- 
10 pound (0.25 g, Yield: 48%). 
Melting point: 175-176 •C. 

NMR (COei^yS- 1:27 (6Hv s)r 1 .31 (6Hi s)-2;^ (2H^ 2.^71 (2H, s)v 3v93-(-3H'. ■s)r-6^.'(1H- s)'>'7:48-7.58 (2H; m); 
7.72-7.88 (2H, m). 8.00-8.06 {2H. m), 8.48-8.54 (2H, m), 9.71 (1 H. br s). 



IS EXAMPLE 154 



N-(3.5-Dichloro-4-pyridlnyO-3-(3A8,9-tetrahydro-€-methoxy-3,3,8,8-tetramethylfuro[2.3-h]isoq^ 
benzamide 

[08691 A mixture of 3-(3,4,8,9-tetrahydro-6-methoxy-3,3,8,8-tetramethylf uro[2,3-h]isoquinolin-1 -yl)benzoic acid hy- 
drochloride (2.17 9, 5.22 mmol) and thionyl chloride (2 mL) was stinred at 70 °C for 1 hour. The reaction solution was 
concentrated under reduced pressure, and the residue was combined with toluene, and concentrated under reduced 
pressure again. A solution of 4-Amino-3.5-dichloropyridine (0.50 g, 3.07 mmol) in N.N-dimethylformamide (1 0 mL) was 
cooled with Ice and sodium hydride (66% suspension in oil) (0.379 g, 10.4 mmoO was added to the solution. And then, 
the acid chloride which had been previously prepared was added thereto. The mixture was stin-ed at room temperatu re 
for 30 minutes, poured into ice water, and then extracted with ethyl acetate. The extract was washed with water, and 
then concentrated under reduced pressure. The residue was subjected to a column chromatography on a basic silica 
gel (ethyl acetate) to obtain the title compound (0.35 g, Yield: 22%). 
Melting point: 227-228 ^C. 

NMR (CDCy 6 1-21 (6H, s). 1 .32 (6H. s). 2.23 (2H. s). 2.66 (2H. s). 3.93 (3H, s). 6.63 (1H. s), 7.52 (1H, t. J = 7.8 
Hz), 7.69 (1H, t, J = 7.8 Hz). 8,00-8.06 (2H. m), 8.57 (2H. s), 9.02 (IN, br s). 

EXAMPLE 155 



N-[3-(3,4,8,9-Tetrahydro-6-methoxy-3.3,8,8-tetramethylfuro[2,3-h]isoquinoIln-1-yl)benzoyl]glycine ethyl ester 
hydrochloride 

[0870] Triethylamine (5.86 mL. 42.0 mmol) was added to a solution of 3-(3,4.8,9-tetrahydro-6-methoxy-3.3.8,8-te- 
tramethylfuro[2,3-hjisoquinolin-1-yl)benzoic acid hydrochloride (5.00 g, 12.0 mmol), glycine ethyl ester hydrochloride 
(1.85 g, 13.2 mmol) and 1 -hydroxy- IH-benzotriazole monohydrate (2.03 g, 13.2 mmol) in N.N-dimethylformamide (30 
mL), And then, 1-ethyl-3-(3-dimethylaminopropyl)carbodiimide hydrochloride (3.00 g, 15.6 mmol) was added thereto. 
The mixture was stirred at room temperature for 5 hours, and then poured into a saturated aqueous solution of sodium 
hydrogen cartwnate. This was extracted with ethyl acetate, and then the extract was washed with water, and concen- 
trated under reduced pressure. The residue was subjected to a column chromatography on a basic silica gel (hexane/ 
ethyl acetate 1 :1 ) to obtain a free base (5.05 g. Yield: 94%) of the title compound, 

NMR (CDCI3) 5 1 .25 (6H, s), 1 .30 (3H, t, J =: 7.2 Hz), 1 .31 (6H, s), 2,1 7 (2H, s), 2.69 (2H, s), 3.93 (3H, s), 4,21 -4.30 
(4H, m), 6.62 (1 H, s). 6.89-6.95 (1H. m), 7.42-7.55 (2H, m), 7,83-7.91 {2H, m). 

[0871] An aliquot was converted into a hydrochloride salt with 4 M solution of hydrogen chloride/ethyl acetate, and 

then concentrated under reduced pressure to obtain the title compound. 

Amorphous. 

NMR (DMSO-dg) 8 1.21 (6H, s). 1 .22 (3H. t, J 7.8 Hz), 1 .47 (6H, s), 2.19 (2H, s), 2.78 (2H. s), 3.95 (3H, s), 4.03 
(2H. t. J = 6.2 Hz), 4.12 (2H, q, J = 7.8 Hz), 7.12 (1H, s), 7.75-7.83 {2H, m). 8.16 (1 H, s). 8.22-8.29 (1H, m). 9.28-9.35 
(1H, m). 
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EXAMPLE 156 



Ni3-(3.4.8.9-Tetrahydro-6-methoxy-3,3.8.84etrame%lfurD[2.3-hlisoquinolin-1-yl)ben2^^^ 

[0872] 5 M aqueous solution of sodium hydroxide (5 mL) was added to a solution of N-{3-(3,4,8,9-tetrahydro-6-meth- 
. oxy-S.3.8.8-tetramethylfuro(2,3-hJisoquinolin-1 -yi)ben2oyl]glycine ethyl ester (5.00 g. 1 1 .1 mmol) In ethanol (20 mL) 
and the'mixture was sUrred at room temperature for 1 hour. 5 M hydrochloric acid (7.5 mL) was added to the reaction 

• m'Xtureandthemixturewasconcentnatedunderreducedpressure.TheresiduewascombinedwIthethanoiandfiltered 
and the nitrate was concentrated under reduced pressure, and this procedure was repeated 3 times The residue wa^ 
combined wrth diBopropyl ether, and a precipitate was recovered by filtration and dried to obtain the tiUe compound 

(5.15 g, Yield: 98%). ^ 
Atnorphousi 

iHNMR(DMSO-d6)6 1.23 {6H.S). 1.47 (6Ks). 2.21 (2H. s). 3.18 (2H, s). 3.95 (3H. s). 3.96-4.06 (2H m) 712(1H 
S). 7.70-7.82 (2H.m). 8.18-8.28 (2H,m). 9.20-9.28 (1H.m). "o-^ wo (^n. m). 7.1Z (1H. 

EXAMPLE 157 

N-(2-Amino-2-oxoethyl)-3-(3.4.8.9-tetrahydro-6-n™ethoxy^.3.8.8-tetramethylfuro[2.3-h]isoquino^^^ 

'^^'^l ^-Ethyi-3-(3-dimethylaminopropyl)carbodiimide hydrochloride (0.422 g, 2.20 mmol) was added to a solution 
f^S^^f-'^-^'^-^f^*''^'^'°-^-^^°^-^-^-^fi-^^^^ hydrochloride 
(0 80 g 1^69 mmol) and 1 -hydroxy- IH-benzotriazole monohydrate (0.285 g, 1 .86 mmol) in N.N-dimethylfomiamide (4 

mL) and the modure was stirred at room temperature forShours. Cone, aqueous ammonia(1.7mL) was added thereto 
and the mixture was stirred at room temperature further for 1 .5 hours. The reaction solution was combined with water' 
and extracted wrth ethyl acetate. The extract was washed with water, and then concentrated under reduced pressure' 
The residue was subjected to a column chromatography on a basic silica gel (ethyl acetate followed by ethyl acetate/ 
methanol 9:1) to obtain the title compound (0.43 g. Yield: 58%). An aliquot was recrystallized from ethyl acetate- 
diisopropyi ether. 
Melting point: 141-142 •C. 

1H NMR (CDCy 5 1.23 (6H. s), 1.30 (6H, s), 2.16 (2H. s), 2.67 (2H. s), 3.93 (3H, s), 4.08 (2H. d, J = 5.0 Hz). 5.72 
(1H. brs). 6.33 (1H. brs). 6.62 (1H. s). 7.43-7.55 (2H, m), 7.62-7.70 (1H. m). 7.89-7.99 (2H, m). 

EXAMPLE 158 

blfzamST'^''"^"^"^'''^*'^'^'^"^^'**^'^'®'™''^^^ 

[0874] The title compound was obtained using a 40% solution of methylamine/methanol by the method similar to 

that in Example 157. Yield: 40%. 

Melting point: 212-213 "C (ethyl acetate-hexane) 

L^hT'I ^TJh' f I S Su' !-^° ^ <2H. s). 2.83 (3H. d. J = 4.8 Hz). 3.93 (3H. s). 4.05 

(2H, d. J = 4.8 Hz). 8.21 (IN. brs). 6.62 (1H. s). 7.42-7.55 (3H, m). 7.88-7.96 (2H. m). 

EXAMPLE 159 



yl) 



^11 /"l'^^^^'"^ mL, 5.07 mmol) and aniline (0.170 mL, 1.86 mmol) were added to a solution of 

N-[3-(3.4,8.9-tetrahydro-6-methoxy-3.3.8.8-tetramethylfuro[2.3-hJisoquinolin-1-yObenzoyl]glydnehydr^^ 
g, l-eSmmoDand l-hydroxy-IH-benzotriazole monohydrate (0.285 g. 1.86 mmol) in N.N-dimethylformamlde (4 mL). 
And then. 1-ethyl-3-(3-dimethylaminopropyl)cafbodiimide hydrochloride (0.422g, 2.20 mmoO was added thereto and 
the mixture «ras stirred at room temperature for 2 hours. The reaction mixture was combined with a saturated aqueous 
solution of sodium hydrogen carbonate, and extracted with ethyl acetate. The extr^t was washed with water and then 
concentrated under reduced pressure. The residue was subjected to a column chromatography on a base silica gel 
(hexane/ethyl acetate 1:1 followed by ethyl acetate/methanol 19:1) to obtain the title compound (0.30 g Yield-35%) 
Amorphous. 

'H NMR (DMSO-de) « 1 -23 (6H, s). 1 .27 (6H. s). 2.14 (2H. s). 2.65 (2H. s). 3.93 (3H. s). 4.21 (2H. d. J = 5.6 Hz). 6.62 
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(1 H. s), 7.1 0 (1 H, t, J = 7.6 Hz). 7.26-7.41 (3H. m), 7.46-7.57 (3H. m). 7.87-7.94 (2H. m), 8.06-8.1 5 (1 H. m), 8.90 (1 H. s) 
EXAMPLE 160 

N-[2-Oxo-2-{(4-pyricnnylmethy!)amino]ethyO-3^3,43.9-tetrahydro-6-methoxy-^ 
Isoqoinolin-I -yl)benzamide 



[0876] The title compound was obtained using 4-(anilnomethyl)pyridlne by the method similar to that in Example 
169. Yield: 62%. 
10 Melting point: 1 97-1 98 *C (ethyl acetate-diisopropyl ether). 

1H NMR (CDCI3) 5 1.22 {6H, s). 1 .29 (6H, s). 2.16 (2H, s), 2.67 (2H, s), 3.93 (3H, s), 4.12 {2H, d, J = 5.4 Hz), 4.43 
(2H. d; J = 6.0 Hz)^, &62(4H',-&>r7iM:-7vt9'<3l4^ m)f:7^4^^^^^^ 
s). 8.48-8.55 (2H, m). 

EXAMPLE 161 

N-[2-Oxo-2-{[2-(4-pyridinyI)ethyl]amlnoJethylh3-f3.4,8,94etrahydrD-6-methoxy-3A 
lsoquinolin-1 -yl]benzamide 

[08771 The title compound was obtained using 4-(2-amlnoethyl)pyridine by the method similar to that In Example 
159. Yield: 82%. 



IN NMR (CDCI3) 5 1.20 {6H, s), 1.30 (6H, s), 2.17 (2H, s), 2.66 (2H. s), 2.81 (2H, t. J = 6.0 Hz), 3.52 (2H, q, J = 6.0 
Hz), 3.92 (3H, s), 3.97 (2H. d, J = 5,4 Hz), 6.61 (1 H. s), 6.72-6.78 (1 H. m). 7.1 0 (2H, d. J = 6.2 Hz), 7.41 -7.50 (2H, m), 
7.76-7.81 (1H, m), 7.88-7.94 (1H, m). 7.98 (1H. s), 8.41-8.47 (2H, m). 

EXAMPLE 162 

N-[2-(3-pyridtnyl)ethyl]-3-{3,4,8,9-tetrahydro-6-methoxy-3,3,8,8-tetramethylfuro[2,3-h]isoquinolin-1^ 

[0878] The title compound was obtained from 3-{3,4.8,9-tetrahydro-6-methoxy-3.3.8.8-tetramethylfuro[2.3-hlisoqui- 
noiin-1 -yl)benzoic acid hydrochloride and 3-(2-amlnoethyl)pyridine by the method similar to that in Example 1 59. Yield: 
88%. 

Amorphous. 

1H NMR (CDCI3) 5 1.24 {6H, s). 1.30 (6H. s). 2.18 (2H. s). 2.68 (2H, s). 2.87-2.96 (2H, m), 3.69 (2H, q, J = 6.6 Hz), 
3.93 (3H, s), 6.62 (1H, s). 6.71 (1H, br s). 7.21-7.28 (1H, m), 7.43-7.48 (2H, m). 7.58-7.62 (1H. m), 7.80-7.86 (2H, m), 
8.48-8.50 (2H, m). 

EXAMPLE 163 

N-[2-(2-Pyridinyl)ethyl]-3-(3.4,8,9-tetrahydro-6-methoxy-3,3,8,8-tetramethylfuro[2,3-h]isoquinolin-1-yO 

[0879] The title compound was obtained from 3-(3,4.8,9-tetrahydro-6-methoxy-3,3,8,8-tetramethylfuro[2,3-h]lsoqui- 
nolin-1 -yObenzoic acid hydrochloride and 2-(2-amlnoethyl)pyridine by the method similar to that in Example 1 59. Yield: 
71%. 

Amorphous. 

NMR (CDCI3) 6 1 .26 (6H, s), 1 .27 (6H, s), 2.1 7 (2H, s), 2.70 (2H, s), 3.09 (2H, t, J = 6J2 Hz), 3.85 (2H. q. J = 6.2 
Hz), 3.94 (3H, s). 6.64 (1H, s). 7.10-7.22 (2H, m). 7.4-0-7.51 {2H. m). 7.58-7.70 (2H, m), 7.80 (1 H, m). 7.84-7.90 (1 H. 
m), 8.42 (1H, d, J = 4.4 Hz). 

EXAMPLE 164 

N-[3-(4-Pyridinyl)propyll-3-(3,4,8,9-tetrahydro-6-methoxy-3,3,8,8-tetramethylfuro[2,34i]isoquinolin-1-^ 

[0880] The title compound was obtained from 3-(3,4.8,9-tetrahydro-6-methoxy-3,3,8,8-tetramethylfuro[2,3-h]isoqui- 
nolln-1-yl)benzoic acid hydrochloride and 4-(3-aminopropyl)pyridine by the method similar to that in Example 159 

Yield: 63%. 

Melting point: 175-176 (ethyl acetate-diisopropyl ether). 




Amorphous. 
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1H NMR (CDCI3) 5 1.23 (6H. s). 1.29 (6H, s). 1.82-1.99 (2H, m), 2.16 (2H. s), 2.62-2.72 (4H. m). 3.41-3 50 (2H m) 
3.92 (3H. s). 6.60-6.65 (1H. m). 7.13 (2H. d. J = 6.0 Hz), 7.43-7.46 (2H. m). 7.83-7.90 (2H. m). 8.50 (2H. d. J = S.o'hz).' 

EXAMPLE 165 

Ni3--f3-Pyridinyl)propyl]-3-(3.4.8,9-tetrahydro-6-methoxy-3.3.8.8-tetrame%lfuro^^ 

compound was obtained from 3-(3.4.8.9-tetrahydro-6-methoxy-3.3,8.8-tetramethylfuror2 3-hljsoqui- 
nohn-l -yl)benzotc acid hydrochloride and 3-(3-aminopropyl)pyridine by the method similar to that in Exiimple 159 
Yield: 55%. 

Melting point: 161-162 'C (ethyl acetate-diisopropyl ether). 

iH.NMR(C0Gl3)*-t-.^1. (6H{ s).;.h29«(6l4i>s)f4v79-^.9S.(3Hv 2.V4-ai«-(eH.;.m)5 a60^69'{4Hh mh3^3i^'4&4&^ 
m). 3^2 (3H. s). 6.61 (1H. s). 6.81-6.90 (1H. m), 7.18-7.24 (1H. m). 7.41-7.55 (3H. m). 7.86-7.93 (2H. m). 8.42-8.47 

EXAMPLE 166 

N-{3-(1 H-lmidazol-1 -yOpropylh3-(3.4.8.9-tetrahydro-6HTiethoxy-3.3.8.8-tetramethylfuro[2.3-h]lsoqulnolin-1 -vD 
t>enzamlde ' -1 y/ 

[0882] The title compound was obtained from 3-(3.4.8.9-tetrahydro-6-methoxy-3.3.8.8-tetramethylfuro[2,3-hlisoqui- 
nol.n-1-yObenzoic acid hydrochloride and 1 -(3-aminopropyOimidazole by the method similar to that in Example 159 
Yield: 70%. 

Melting point: 104-106 'C (ethyl acetate-hexane). 

1H NMR (CDCI3) 8 1 .22 (6H, s). 1 .30 (6H. s), 2.04 (2H, quintet, J = 7.0 Hz), 2.18 (2H. s), 2.68 (2H s) 3 36-3 47 (2H 
(1. m)' ' ' = '-'^-'-'^ ' ^50 (3H, 

EXAMPLE 167 

SJ") JH^ conpound was obtained from 3-(3.4.8.9-tetrahydro-6-methoxy-3.3.8,8-tetramethyifuro[2,3-hlisoqui- 
Melting point: 138-139 "C (ethyl acetate-diisopropyl ether) 

ll^TJ'^?"^ ^ ^-^^ ■' •^^ 2-^5 <2H, s). 2.68 (2H, s), 2.91-2.98 (2H, m). 3.63-3.75 (2H m) 3 93 

m mj 7^!' 4h: mf ' = ^ = HZ) >"3-7:80 

EXAMPLE 168 

beSSf'""^""''*^^""^^''*""^'^^"^"^^''^'^'^"'^^'^''^'''^"^ 

^T*! I? ""^ compound was obtained from 3-(3.4,8,9-tetrahydro-eHnethoxy-3.3.8.8-tetramethylfuro(2,3-hlisoqui- 
Zri^^^^r 3-aminohexahydro-2-azepinone by the method similar to that in Example 

Melting point: 187-188 (ethyl acetate-hexane). 

1H NMR (CDCI3) 5 1 .25 (3H, s), 1 .27 (3H, s), 1 .30 (6H. s), 1 .50-2.25 (6H. m). 2.1 6 (2H, s), 2.70 (2H s) 3 1 8-3 40 (2H 
m),3.93(3H.s).4.68-4.77(1H.m).6.41(1H.brs),6.62(1H.s).7.41-7.49(2H,m).7W7.80(1H,^S^ 
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EXAMPLE 169 

N-(Hexahydro-5-oxo-1 ,44hia2epin-6-yO-3-(3.4.8.9-tetrahydro-6-methoxy-3.3,8,8-tetramemyIfu^^^^ 
1-yl)benzamide 

[OSaq The title compound was obtained from 3-(3,4.8,9-tetrahydro-6-methoxy-3,3,8,8-tetramethylfuro[2,3-h]isoqui- 
. nolin-1 Tyi)benzoic acid hydrochloride and 6-amino-1 .4-thlazepin-5-one by the method similar to that in Example 159 
^- Yield: 51%. 

Melting point: 206-207 «»C (ethyl acetate-diisopropyl ether). 

1H NMR (CDCI3) 5 1 .26 (6H, s), 1.29 {6H, s), 2.14 (2H, s), 2.50-2.89 (3H, m). 2.71 (2H. s). 2.87 2.97 (1H. m), 3.58-3.83 
(2H, m). 3.93 (3H, s), 5.05-5.13 (1H, m), 6.62 (1H, s), 6.80-6.88 (1H, m), 7.45-7.50 (2H, m). 789-7.96 (3H, m). 

EXAMPLE 170 

N^2-(4-PyridinyIamino)ethyl]-3-(3,4.8,9-tet^ahydro-6^^^ethoxy-3.3,8,8-tetramethylfuro^^ 
benzamide 

10886] The title compound was obtained from 3-(3,4,8,9-tetrahydro^-methoxy-3.3,8,8-tetramethylfuro[2.3-h]isoqui- 
nolin-1-yl)benzoic acid hydrochloride and 4-({2-amlnoethyl)amino]pyridlne by the method similar to that in Example 
159. Yield: 53%. 
Amorphous, . 

NMR (CDCI3) 6 1.22 (6H, s), 1.29 (6H. s), 2.17 (2H, s). 2.66 (2H, s). 3.30-3.39 (2H. m). 3.60-3.70 (2H. m), 3.92 
(3H, s), 5.12-5.18 (1H, m), 6.44 (2H. d. J = 5.2 Hz), 6.62 (1H, s), 7.38-7.44 (3H, m), 7.82-7.90 (2H,.m), 8.14 (2H. d. J 
= 5.2 Hz). 

EXAMPLE 171 

N^2-(2-Pyridinylamino)ethyll-3-(3,4.8.9-tetrahydro-6-methoxy-3,3,8,8-tetramethylfuro[2.3-h] 
benzamide 

[0887] The title compound was obtained from 3-(3,4,8,9-tetrahydro-6-methoxy-3.3.8,8-tetramethylfuro[2,3-h]isoqui- 
nolin-1-yl)benzole acid hydrochloride and 2-[(2-amlnoethyl)amino]pyridine by the method similar to that in Example 
169. rield:33%. 
Amorphous. 

1H NMR (CDCI3) 5 1.27 (12H. s). 2.14 {2H. s), 2.71 (2H. s). 3.63 (4H, s), 3.93 {3H, s), 4.91 (1H, br s), 6.40-6.52 (2H, 
m). 6,64 (1H, s), 7.29-7.39 (1H, m). 7.43-7.48 {2H. m), 7.84 (1H, s), 790-7.99 (2H. m). 8.49 (1H, brs). 

EXAMPLE 172 

N^2-(Diethylamino)ethyO-3-(3,4.8,9-tetrahydro-6-methoxy-3,3,8,8-tetramethylfuro[2,3-hlisoquinoHn-1-y^^ 
dihydrochloride 

[0688] The title compound was obtained from N.N-dlethylethylenediamine by the method similar to that in Example 

155. rield:47%. 

Amorphous. 

^H NMR (DMSOKle) 6 1.22 (6H, t. J = 7.4 Hz), 1.24 (6H, s), 1.48 (6H, s), 2.20 {2H. s), 3.12-3.32 (4H. m), 3,62-3.81 
(6H. m). 3.95 (3H, s). 7.12 (1H, s). 772-7.81 (2H, m), 8.25-8.34 (2H, m). 

EXAMPLE 173 

N-(8-Methyl-8-azabicyclo[3.2.1]oct-3-yl)-3-(3.4,8,9-tetrahydro-6-methoxy-3,3.8,8-tetramethylfu 
1-yl)benzamide dihydrochloride 

[0889] The title compound was obtained using 3-amino-8-niethyl-8-azabicycio[3.2.1]o<^ane by the method similar 

to that in Example 155, Yield: 49%. 

Amorphous. 

^H NMR (DMSO-cy 5 1.23 (6H. s), 1 .43 (6H, s). 2.17-2.80 (14H, m). 2.96-3.22 (2H, m). 3.85 (2H, br s). 3.95 {3H. s) 
712 (1H. s). 772-7.79 (2H. m). 8.14-8.19 (1H, m), 8.27 (1H. s). 
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EXAMPLE 174 



N-(1.A2abicydo[2.2^]oct-3-yO-3-(3A 

benzamide dihydrochloride i • j h yu 



5 



^ Sfe^I^ilei? """^ ■^^'^'°y«='°I2-2.2]octane by the method similar to that in 

Amorphous. 

iHNMR(DMSO^l6)5l.23(6H.s).1.48(6H,s). 1.88-2.38 (7H, m). 3.18-3.83 (8H. m). 3 97 (3H s) 4 27-448 <1H 
10 m). 7.12 (1H.S). 7.70-7.78 (2H.m), 8.22-8.33 (IH.m). 8.43 (1H.S). ■i «M3H. s). 4.27-4.48 (1H. 

EXAMPLE-175- 

N-{2-Amino-2K)xoethylH-(3,4.8.9-tetrahydro-6-methoxy-3,3,8.8-tetramethylfuro[2,3-hIisoqulnoH 

,I!!f *™® ''°'"P°""^ °*^falned from 4-(3.4.8.9-tetrahydro-6-methoxy-3.3.8.8-tetramethylfuror2 3-hlisoqui- 
S; 3!% "y""^'''"'^ ^^"^"^ hydrochloride by the method similar to that in ^i^ple i sg. 

Melting point: 135-136 "C (ethyl acetate-hexane). 
20 1H NMR (CDCI3) 6 1 .25 (6H. s), 1 .31 (6H. s). 2.1 8 (2H. s), 2.70 (2H. s). 3.92 (3H. s). 4 13 (2H d J - 5 0 Hzi 5 85 
(1H. br s). 6.56-6.65 (2H,m), 7.44-7.57 (3H,m). 7.86 (2H.d, J = 8.0 Hz). ■ 4.13 (2H. d. J - 5.0 Hz). 5.85 

EXAMPLE 176 

« 2-Methyl-N.[3-(3 A8.9-tetrahydro-6-methoxy^.3,8.8-tetramethylfuro[2.^^ -yl)benzoylJalanine ethyl 

/ n ^sJmlT T^'^ 1-^tf'y'-3-(3-<l-ethy.amlnopropyOcarbodiimide hydrochloride 

t - ,„ 9- 2-50 '"•"OO were added to a solution of 3-(3,4.8.9-tetrBhydro-6-methoxy-3,3.8.8-tetramethylfurof2 3-hliso- 

r?"H?f 9- 1 mmoi)..1-hydroxy-1H-benzoWazoiemonohX;SV?^^^ 
mmol) ethyl 2-am.no.sobutyrate hydrochloride (0.355 g. 2. 11 mmoQ in N,N-dimethylfomiamide (4 mL) and the ml^re 

ZZZ '^-^P^^r^ 2 The reaction mixture was combined with water, a d extracted wirSijJ 

acetate Thee«ractwas washed With water,and then concentratedunderreduced pressure. TliereslduewassubieciS 

35 !Z^Zl^'°T''^l^^» °" ^ «<=«t^t«""«thanol 1:1). and recrystallized from diisopropyl 

as einer-hexane to obtain the title compound (0.63 g. Yield: 67%). 
Melting point: 114-115 °C. 

s), 4.23 (2H. q. J = 7.0 Hz), 6.62 (1H. s). 6.88 (IN. brs). 7.42-7.51 (2H. m). 7.81-7.91 (2H. m). 
■« EXAMPLE 177 

hydrSole'^^"'^"^'^"'^*^*'^***'^'^^*"'^'®^ 



45 



SO 



Hr!? 1^ °f so^'i"'" hydroxide (8.0 mL) was added to a solution of 2-methy1-N-[3-(3 4 8 9-tetrahv- 

(10 mL) and the mixture was stirred at room temperature for 12 houiB. 1 M hydrochloric add (13.5 mL) was added to 

T ""^^ ""der reduced pressure, and this procedure was repeated 3 times. The 

residue was crystallized from ethyl acetate to obtain the title compound (2.38 g. Yield- 90%) 
Melting point: 197-201 "C. < a • /• 

7" 2 n H ^7 2?7« !?M ^'r-J': ' ■* ^ ^-^-^-^^ <2H, m). 3.10-3.22 (2H. m). 3.95 (3H. s). 

7.12 (1H.S). 7.65-7.78 (2H.m). 8.1 6-8.22 (IH.m). 8.30 (1H.S). 8.90 (1H.m). . 
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EXAMPLE 178 

N-(2-Amlno-1 J -dimethyi-2-oxoethyl)-3-(3,4.8,9-tetrahydro-6-metho^^^ 
benzamide 

5 

* [0894] ^ 1 -Ethyl-3-(3-dimethylaminopropyl)carbodiimide hydrochloride (0.920 g, 4.80 mmol) was added to a solution 
\ of 2-mdhyl-N-[3-(3,4,8,9-tetrahydro-6-niethoxy-3,33,B-tetramethylfuro[2,3-h]isoquinolin-1 -yl)benzoyl]alanine hydro- 
chloride (1 .85 g, 3.69 mmol), 1 -hydroxy- 1H4)en20triazole monohydrate (0.622 g, 4.06 mmol) in N.N-dimethylfonna- 
mlde (20 nriL) and the mixture was stirred at room temperature for 1 5 minutes. Cone, aqueous ammonia (3.7 mL) was 
10 added thereto and the mixture was stirred at room temperature further for 1 5 minutes. The reaction solution was com- 
bined with water, and extracted with ethyl acetate. The extract was washed with water, and then concentrated under 
reduced* pressure? The residue was-subjeeted^to^a cotummchiwralography wa^bas^ 

9:1 followed by ethyl acetate/methanoi 19:1), and then recrystallized from ethyl acetate-diisopropyl ether to obtain the 
title compound (1 .05 g, Yield: 61 %). 
15 Melting point: 129-131 *'C. 

1H NMR (CDCy 5 1 .25 (6H. s), 1 .31 (6H, S), 1 .69 (6H, s), 2, 1 9 (2H, s). 2.70 (2H, s), 3.93 (3H. s), 5.58 (1 H, br s), 6.48 
(1H. br s), 6.62 (1H. 5), 7.11 (1H. s), 7.42-7.48 (2H, m), 7.86-7.90 (2H, m). 

EXAMPLE 179 

20 

N-Methyl-3-(3,4,8,9-tetrahydro-6-fnethoxy-3.3.8,8-tetramethylfuro(2,3-h]isoquinolin-1-yl)ben2amide 

[0895] 1-Ethyl-3-(3-dimethytaminopropyl)cari3odiimide hydrochloride (0.479 g, 2.60 mmol) was added to a solution 
of 3-(3,4,8,9-tetrahydro-6-methoxy-3,3,8,8-tetramethylfuro[2,3-h]isoquinolin-1-yl)ben2oic acid hydrochloride (0.80 g, 

25 1 .92 mmol), 1 -hydroxy-1 H-benzotriazole monohydrate (0.324 g, 2.1 1 mmol) in N.N-dimethyfformamide (4 mL) and the 
mixture was stirred at room temperature for 20 minutes. 40% solution of methylamine/methanol (1 .0 mL) was added 
to the reaction mixture and the mixture was stirred at room temperature further for 2 hours. The reaction solution was 
combined with water, and extracted with ethyl acetate. The extract was washed with water, and then concentrated 
under reduced pressure. The residue was recrystallized from ethyl acetate-diisopropyl ether to obtain the title com- 

30 pound (0.39 g, Yield: 62%), 
Melting point: 206-207 **C. 

NMR (CDCI3) 5 1 .24 (6H. s). 1 .29 (6H. s). 2.1 6 (2H, s). 2.67 (2H. s). 2.98 (3H. d. J = 4.6 Hz). 3.93 (3H. s). 6.58-6.70 
(1H, m), 6.62 (1H, s). 7.40-7.48 (2H, m), 7.78 (1H, s), 7.83-7.90 (1H, m). 

35 (Alternative synthetic method) 

[0896] A mixture of 1-(2,3-dihydro-7-methoxy-2,2-dimethyl-5-benzofuranyl)-2-methyl-1-propanol (1.13 g, 4.50 
mmol), 3-cyano-N-methylbenzamide (0.60 g, 3.75 mmol), acetic acid (4 mL) and toluene (6 mL) was cooled with ice, 
and cone, sulfuric acid (0.519 mL, 9.75 mmol) was added thereto. The mixture was stirred at 80 °C for 1 hour, and 

^ then the reaction solution was allowed to cool to room temperature, and combined with water. This was washed with 
diethyl ether, and then the aqueous layer was basified with cone, aqueous ammonia, and extracted with ethyl acetate. 
The extract was washed with water, and concentrated under reduced pressure. The residue was crystallized from ethyl 
acetate-hexane to obtain 0,79 g of the material. This was recrystallized from ethyl acetate to obtain the title compound 
(0.61 g, Yield: 42%). 

45 Melting point: 202-203 *C. 

EXAMPLE 180 

N-Ethyl-3-(3,4.8,9-tetrahydro-6-methoxy-3,3,8,8-tetramethylfuro[2,3-h]isoquinolin-1-yl)benzamide 

so 

[0897] The title compound was obtained from 3-(3,4,8,9-tetrahydro-6-methoxy-3,3,8,8-tetramethylfuro[2,3-h]isoqui- 
nolin-1-yl)benzoic acid hydrochloride and a 70% aqueous solution of ethylamine by the method similar to that in Ex- 
ample 157. * * 
Yield: 58%. 

55 Melting point: 1 86-1 87 *C (ethyl acetate-diisopropyl ether). 

1H NMR (CDCI3) 5 1.24 (3H. t. J = 5.4 Hz), 1.25 (6H, s), 1.30 (6H. s). 2,17 (2H, s), 2.69 (2H. s), 3.41-3.55 (2H. m), 
3.93 (3H, s). 6.38-6.45 (1H, m), 6.62 (1H. s), 7.42-7.48 (2H, m), 7,78 (1H. s). 7.85-7.91 (1H, m). 
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EXAMPLE 181 

3,4.8.9Tettahydr(v6HTiethoxy-3,3,83-tetramethyNNiJhenyl-14uro[2.3-hlis<x)uinoOnam^^ 

[0898] Phosphorus pentoxide (0.68 g, 2.41 mmol) was added to a solution of N-[2-(2.3-dihydro-7-methoxy-2 2-dime 
thyl-5-t^enzofuranyl)-1.1-dimethylethyl]-N'-phenylurea (0.68 g, 1.85 mmol) in phosphorus oxychloride (3 mL)'and the 
mixturewas stirred at 80 •CforlOmlnutes.Tliereactfon mixture wasaddedtoanexcesswe saturated 
of sodium hydrogen carbonate, and the mixture was extracted with ethyl acetate. The extract was washed with water 
and then concentrated under reduced pressure. The residue was subjected to a column chromatography on a silic^ 
gel (hexane/ethyl acetate 3:2) to obtain the title compound (0.34 g. Yield: 52%). An aliquot was recrystallized from 
hexane-ethyl acetate. Melting point: 1 35-1 36 °C. 
tH^NMft(e^els)='8'1•.1.7'(6H^s)..•1:S1-<6Hi-s)r2^79^^H^s)v^a^^^^ 

6.88-6.93 (2H,m). 6.95-7.04 (1H.m). 7.29-7.37 (2H.m). ^ >• ^^ITh.s). 

EXAMPLE 182 

3.4.8,9-Tetrahydro-6-methoxy-N-(4-methoxyphenyO-3,3.8,8-tetramethyl-l-furo[2,3-h]isoquinolinamine 

[0899] AmixtureofN-[2-(2,3-dihydro-7-methoxy-2,2-dirTiethyl-5-benzofuranyl)-1.1-dimethylethyl]-N'-(4^nethoxyphe- 
nyl)urea (1.00 g. 2.51 mmol), phosphorus oxychloride (1.92 g, 12.6 mmol) and toluene (10 mL) was stirred at room 
temperature for 2 hours, and at 80 -C further for 30 minutes. The reaction mixture was poured into excessive aqueous 
solution of sodium hydroxide, and extracted with ethyl acetate. The extract was washed with water, and then concen- 
trated under reduced pressure. The residue was subjected to a column chromatography on a silica gel (hexane/ethyl 
acetate 2:3) to obtain the title compound (0.50 g, Yield: 52%). An aliquot was recrystallized from hexane-ethyl acetate 
Melting point: 139-140 °C. 

^rj^Ti^^'^^ ^ ^ ^ ^ 2-^^ <2H. s). 3.80 (3H. s). 3.90 (3H. s). 4.62 (1 H. br s). 6.52 

(In. s), 8.81-6.93 (4H, m). 

EXAMPLE 183 

3,4,8.9-Tetrahydro-6-methoxy-3,3,8,8-tetramethyl-1-(1-piperidinyl)furo[2,3-h]isoquinoline hydrochloride 

[0900] A free base of the title compound was obtained from N-[2-(2,3-dihydro-7-methoxy-2.2-dimethyl-5-benzofura- 
nyl)-1 , 1 -dimethylethyl]-1 -piperidinecaiboxamide by the method similar to that in Example 1 82. This was dissoh/ed in 
ethanol. 4 M solution of hydrogen chloride/ethyl acetate was added to the reaction mixture and the mixture was con- 
centrated under reduced pressure. The residue was recrystallized from ethanol-diethyl ether to "obtain the title com- 
pound. Yield: 20%. 
Melting point: 137-139 "C, 

!f « ST/S m'^?o^, Vu^^' ^ 2-^® <2H. s). 3.12 (2H. s). 3.42-3.75 (4H. m), 3.86 (3H, 

s;, o.ao (in, s), 9.31 (In, s). 

EXAMPLE 184 

8'.9--Dihydro-6'-methoxy-8',8'-dlmethyl-V-phenylspiro[cyclohexane-1,3'(4'H)-furo[2,3-h]isoquinoline] hydrochloride 

[0901] Cone, sulfuric acid (0.333 mL, 6.24 mmol) was added to a solution of 5-(cyclohexylidenemethyl)-2 3-dihydro- 
7-rTiethoxy-2.2-dimethylbenzofuran (0.85 g. 3.12 mmol) and benzonitrile (0.350 mL, 3.43 mmol) in acetic acid (4 mL) 
and the mixture was stinted at 80 °C for 1 0 minutes. The reaction solution was added to an aqueous solution of sodium 
hydroxide, and the mixture was extracted with ethyl acetate. The extract was washed with water and then concentrated 
under reduced pressure. The residue was subjected to a column chromatography on a sflica gel (hexane/ethyl acetate 
3:1 ) to obtain a free base (0.54 g. Yield: 46%) of the title compound as an oil. This was dissolved in ethanol. 4 M solution 
of hydrogen chlonde/ethyl acetate was added to the mixture and the mixture was concentrated under reduced pressure 
TT>e residue was precipitated from ethanol-diisopropyl ether to obtain the title compound (0 51 q Yield- 40%) 
Amorphous. « a. • ;• 

1H NMR (DMSO-d6)S 1.22(6H. s), 1.25-1 .85(1 OH. m). 2.15 (2H. s). 3.31 (2H. s), 3.94 (3H. s), 7.19 (1H. s), 7.58-7 80 
(5H, m). 
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EXAMPLE 185 

8\9'-Dihydro-6'-methoxy-1'-(4-methoxyphenyl)-8\8'-dimethylspiro[^^^ 
hydrochloride 

[09021 The title compound was obtained using 4-methoxyben2onitrile by the method similar to that in Example 1 84 

Yield: 43%. 

Amorphous. 

1H NMR (DMSO-de) 5 1.25 {6H. s). 1,32-1 .80 (10H, m), 2.31 (2H. s), 3.33 (2H, s), 3.88 (3H. s). 3.92 (3H. s), 7.14 (1H. 
s). 7.16 (2H, d. J = 8.6 Hz). 7.55 (2H, d, J = 8.6 Hz). 

EXAMPLE186> 

3.4.8.9-Tetrahydro-3.3.8,8-tetramethyl-6-{1 -methylethoxy)-1 -phenylfuro[2,3-hlisoquinoline hydrochloride 

[0903] A free base of the title compound was obtained from 3,4.8,9-tetrahydro-3,3,8,8-tetramethyl-1 -phenyl-6-furo 
(2,3-h]isoquinoIlnol and 2-iodopropane by the method similar to that In Example 99. This was dissolved In hexane and 
4 M solution of hydrogen chloride/ethyl acetate was added thereto. The mixture was concentrated under reduced 
pressure, and crystallized from hexane-ethyl acetate to obtain the title compound. Yield: 71%. 
Melting point: 154-155 "C. 

1H NMR (DMSO-dfi) 6 1 .22 (6H, s), 1 ,33 (6H. d. J = 6.0 Hz), 1 .44 (6H, s), 2.15 (2H. s). 3.15 (2H, s), 4.82-4.95 (1 H. m) 
7.10 (IH, s), 7.62-7.77 (5H, m). 

EXAMPLE 187 

6-(Cyclopentyloxy)-3,4,8,9-tetrahydro-3,3,8,8-tetramethyl-1-phenylfuro[2,3-h]isoquinoline 

[0904] The title compound was obtained from 3,4,8.9-tetrahydro-3,3,8,8-tetramethyl-1 i3henyl-6-furo[2,3-h]isoquin- 
olinol and bromocyclopentane by the method similar to that in Example 99. Yield: 43%. 
Melting point: 73-74 (hexane). 

NMR (CDCy 5 1.24 (6H. s). 1.28 (6H. s), 1.55-2,00 (8H, m). 2.15 (2H. s), 2.66 (2H. s). 4.84-4.92 (IH. m), 6.59 
(IH, s). 7.38 (5H, s). 

EXAMPLE 188 

3.4.8,9-Tetrahydro-3,3,8,8-tetramethyl-1 -phenylfuro[2,3-h]isoquinolin-6-yl acetate hydrochloride- 

[0905] Acetic anhydride (2 mL) was added to a solution of 3,4.8,9-tetrahydro-3,3,8,8-tetramethyl-1-phenyl-6-furo 
[2,3-h]isoquinolinol (567 mg, 1,76 mmol) in pyridine (2 mL) and the mixture was stin-ed at room temperature for 12 
hours. A saturated aqueous solution of sodium hydrogen carbonate was poured into the reaction mixture, which was 
then extracted twice with ethyl acetate. The combined organic layer was washed with water and brine, dried over 
magnesium sulfate, filtered, and concentrated under reduced pressure. The residue was subjected to a column chro- 
matography on a silica gel (hexane/ethyl acetate 3:1) to obtain a free base of the title compound. This was dissolved 
in ethyl acetate, combined with 4 M solution of hydrogen chloride/ethyl acetate, concentrated under reduced pressure, 
and crystallized from hexane-ethyl acetate to obtain the title compound (533 mg, Yield: 76%). 
Melting point: 155-165 

1 H NMR (DMSO-dfi) 5 1 .23 (6H. s), 1 .45 (6H. s). 2.37 (2H. s). 2.31 (3H. s). 3. 1 6 (2H, s), 7.22 (1 H. s), 7.66-7.80 (5H, m). 
EXAMPLE 189 

3,4.8,9-Tetrahydro-3.3,8,8-tetramethyl-1 -phenylfuro[2,3-h]isoquinolin-6-yl benzoate hydrochloride 

[0908] The title compound was obtained from benzoyl chloride by the method similar to that in Example 1 88. Yield: 
75%, 

Melting point: 160-165 (ethyl acetate). 

^H NMR (DMSO-dg) 5 1.23 (6H, s), 1,47 (6H, s). 2.28 (2H. s). 3.18 (2H. s), 7.34 (IH, s), 7,60-7.85 (8H. m) 8 14 (2H 
d. J = 7.4 Hz). /. - V . 
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EXAMPLE 190 

6-Buloxy-3,4,8,94etcahydrD-3.3,8.8-tetrarTOthyl-1-phenylfuro[2.3-h]isoquinoline 

10907] Sodium hydride (66% suspension in oil) (61 mg. 1 .69 mmol) and 1 -lodobutane (0.1 9 mL 1 65 mmol) were 

\ a<«de^JsequentialVtoasolutionof3,4.8.9^etrahydro-3,33,8-tetramethyl-1-phenyl-6-furo(2.3-h]isoquinonno^ 
^ 1 .54 mmol) in N,N-dimelhy)fomiamide (5 mL) and the mixture was stirred at room temperature for 2 hours The reaction 

mixture was poured into water, and extracted twice with ethyl acetate. The combined organic layer was washed with 

water (twice) and a bnne, dried over magnesium sulfate, filtered, and concentrated under reduced pressure The res- 
> idue was subjected to a column chromatography on a silica gel (hexane/ethyl acetate 5:1 followed by 3- 1 ) and recrvs- 

tallized from hexane to obtain the title compound (357 mg, Yield: 61%). 

Melting point: 99^101 "6. 

'HNMR(CDCl3)5 0.98{3H,t, J = 7.4H2), 1.25 (6H.s), 1. 29 (6H, s). 1.39-1.58 (2H. m). 1.68-1.90 (2H m) 217(2H 
s), 2.67 (2H,s). 4.10 (2H,t, J = 7.0 Hz), 6.60 (1H,s), 7.38 (5H,s). Wn. mj. ^.i M^M. 

EXAMPLE 191 

3.4,8.9-Tetrahydro-3.3.8,8-tetramethyl-1-phenyl-6-propoxyfurot2.3-hJlsoquinoline hydrochloride 

^ ''^^ ^^^^ °^ compound was obtained using 1 -iodopropane by the method simUar to that in Example 

190. This was dissolved in ethyl acetate, combined with 4 M solution of hydrogen chloride/ethyl acetate, and concen- 
trated under reduced pressure to obtain the title compound. Yield: 91%. 
Amorphous. 

1H NMR (DMSO-dfi) 8 0.97 (3H, t, J = 73 Hz), 1 .23 (6H, s), 1 .44 (6H, s), 1 .68-1 .88 (2H, m), 2.16 (2H. s). 3.15 (2H s) 
4.14 (2H,t, J = 6.8 Hz). 7.10 (1H. 8), 7.60-7.80 (5H.m). ^ 

EXAMPLE 192 

3.4.8.9-Tetrahydro-3.3.8.8-tetramethyl-1-phenyl-6-(phenylmethoxy)furo[2.3-h]isoquinoline 

(0909] The title compound was obtained using benzyl bromide by the method similar to that in Example 1 90. Yield: 

74 Ay. 

Melting point: 129-131 "C (diethyl ether-hexane). 

1H NMR (CDCy 5 1 .22 (6H. s), 1 .31 (6H, s). 1 .18 (2H, s), 2.62 (2H, s). 5.23 (2H. s), 6.60 (1H. s). 7.30-7.48 (10H, m). 
EXAMPLE 193 

3,4.8,9-Tetrahydro-3,3,8.8-tetramethyl-1-phenyl-6-(2-pyridinylmethoxy)furoI2,3-h]isoquinolinedihydrochloride 

I0910J A tree base of the title compound was obtained using 2-(chlorDmethyl)pyridine hydrochloride by the rriethod 
similar to that in Example 190. This was dissolved in ethyl acetate, combined with 4 M solution of hydrogen chloride/ 
ethyl acetate, concentrated underreduced pressure, and crystallized from ethanol-ethyl acetate to obtain the title com- 
pound. Yield: 90%. 



7*15 7 q.^m'^ ^-^^ s). 7.09 (1H. s), 7.57-7.74 (5H. m). 

7.85-7.95 (1H, m), 8.20 (1H, d, J = 7.6 Hz), 8.42-8.56 (1H, m). 8.75 (1H. d, J = 4.8 Hz), 

EXAMPLE 194 

3,4.8.9-Tetrahydro-3.3,8.8.tetramethyl-1-phenyl-6-(3i3yridinylmethoxy)furo[2.3-^ 



>line 



EViriplT^ "^^^ "'^^'"^'^ 3-(chloromethyl)pyridine hydrochloride by the method similar to that 

Melting point: 112-115 (hexane). 

II Hzr7*2 W in*?;?'.?^ ^ ^ 7-33 d, J = 7.4, 

4.8 Hz). 7.43 (5H. s). 7.80 (1H, dd. J = 7.4. 1.6 Hz). 859 (1H. dd. J = 4.8. 1.6 Hz). 8.68 (1H. d. J = 1.6 Hz). 
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EXAMPLE 195 



3,4,8,9Tetfahydro-3,3,83-tetramethyl-1-phenyl-6-(4i)yridinylmethoxy)f^ 

5 [091 2] The title compound was obtained from 4-(chloromethyl)pyridine hydrochloride by the method similar to that 

\jn Example 1 90. Yield: 79%. 
' Melting point: 122-124 **C (hexane). 

• 1H NMR (CDCI3) 6 1.22 (6H, s), 1 .32 (6H, s). 2.19 (2H. s). 2.61 (2H, s), 5.25 (2H. s). 6.53 (1H, s). 7.36 (2H. d, J= 6.2 
Hz), 7.38 (5H. s), 8.61 (2H, d, J = 6.2 Hz). 

10 

EXAMPLE 196 

3,4,8,9Tetrahydro-3,3,8,8-tetramethyl-1-phenyl-6-[(3-phenyl-2i>ropeny!)oxy]furo[2,3-hlisoquino 

^5 [0913] Thetltlecompound was obtained using cinnamyl chloride by the method similar to that in Example 190. Yield: 
78%. 

Melting point: 121-123 '^C (hexane-diethyl ether). 

1H NMR (DMSO-de) 6 1.13 {6H, s), 1 .21 (6H. s). 2.18 (2H, s). 2.63 (2H, s), 4.78 (2H. d. J = 6.0 Hz). 6.45-6.59 (1H, m). 
6,78 (1H, d, J = 16.8 Hz). 6,88 (1H, s). 7.28-7,52 (10H. m). 

20 

EXAMPLE 197 



3.4,8,9-Tetrahydro-3,3,8.8-tetramethyM-phenyl-6-(3-phenylpropoxy)furo[2,3-h]lsoquinollne hydrochloride 

2S [091 4] A free base of the title compound was obtained using 1 -bromo-3-phenylpropane by the method similar to that 
in Example 190. This was dissolved in ethyl acetate, combined with 4 M solution of hydrogen chloride/ethyl acetate, 
concentrated under reduced pressure, and crystallized from hexane to obtain the title compound. Yield: 89%. 
Melting point: 165-180 *»C. 

1H NMR (DMSO-dg) 6 1.24 (6H, s), 1 .45 (6H, s). 2.02-2.16 (2H. m), 2.17 (2H. s), 2.74 (2H. t, J = 8.0 Hz). 3.14 (2H, s). 
30 4.19 (2H. t. J = 6.0 Hz). 7.07 (1H. s). 7.18-7.38 (5H. m). 7.63-7.80 (5H. m). 12.68 (1H. brs). 

EXAMPLE 198 



3,4.8,9-Tetrahydro-3,3,8,8-tetramethyl-1-phenyl-6-[(5-phenylpentyl)oxy]furo[2,3-h]isoquinoline 

35 

(091 5] The title compound was obtained using 1 -bromo-5-phenylpentane by the method similar to that in Example 
190. Yield: 79%. 

Melting point: 1 04-1 06 *C (hexane). 

1H NMR (CDCI3) 5 1.25 (6H. s). 1.29 {6H, s), 1,45-1.94 (6H, m), 2.17 (2H, s), 2.64 (2H. t. J = 7.8 Hz). 2.67 (2H, s), 
40 4.09 {2H. t. J = 6.8 Hz), 6.58 (1 H, s), 7.1 7-7.35 (5H. m), 7.38 (5H, s). 

EXAMPLE 199 



Ethyl (3.4.8,9-tetrahydro-3,3,8,8-tetramethyl-1 -phenylfuro[2,3-h]isoquinolin-6-yl) carbonate hydrochloride 

45 

[0916] A free base of the title compound was obtained using ethyl chlorofonnate by the method similar to that in 
Example 190. This was dissoh^ed in ethyl acetate, combined with 4 M solution of hydrogen chloride/ethyl acetate, 
concentrated under reduced pressure, and crystallized from hexane-ethyl acetate to obtain the title compound. Yield: 
71%. 

so Melting point: \AA'U7 *'C. 

^H NMR (DMSO-dfi) 6 1 .24 {6H, s), 1 .29 {3H. t. J = 7.1 Hz), 1 .45 (6H. s). 2.25 (2H, s), 3.16 (2H. s). 4.28 (2H, q. J = 
71 Hz), 7.33 (1H. s), 7.65-7.80 (5H. m). 

EXAMPLE 200 

55 

3,4.8,9.Tetrahydro-3,3,8i8-tetramethyl-1 -phenyl-6-[(1 -phenyl-1 H-tetrazol-5-yl)oxylf uro[2.3-h]isoquinoline 

[0917] The title compound was obtained using 5-chloro-1 -phenyl IH-tetrazole by the method similar to that in Ex- 
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ample 190. Yield: 88%. 

Melting point: 191-193 *C (diethyl ether). 

EXAiMRLE 201 

6-(Fluoromethoxy)-3,4,8.9-tetrahydro-3,3.8,84etramethyl-1i)henylfuro(2.3-hlisoqui^ 
S%5% ^ ""^ impound was obtained using bromofluoromethane by the method similar to that in Example 190. 
MeltingTJoInt: 120-122 •epiexore^Hethyfrethei^?- 

iHNMR(CDCl3)S1.26(6H.s).1.31(6H.s).221(2H.s).2.69(2H.s).5.80(2H.dJ=54.2H2).6.85(1H.s).7^^ 
EXAMPLE 202 

Melting point: 191-193 'C (diethyl ether). 
(2Tm?S^9r(2H/m"'''^^ 
EXAMPLE 203 

[(3.43.9-Tetrahydro-3.3334etram6thyl-1-phenylfuro[2.3-h]isoquinolin-6-yl)oxy]acetic acid methyl ester 
^"^2?^ ""^ compound was obtained using methyl bromoacetate by the method similar to that in Example 190. 
Melting point: 82-84 "C (hexane-diethyl ether) 

IH^NMR (CDCI3) 6 1.24 (6H. s). 1.29 (6K s). 2.17 (2H. s). 2.65 (2H, s). 3.81 (3H. s). 4.78 (2H. s). 6.57 (1H. s). 7.38 
EXAMPLE 204 

2-[(3.4.8.9-Tetrahydro-3,3.8.8-tetramethyl-1-phenylfuro[2.3-h]isoquinolin-6-yOoxyIacetamide 

[09211 5 M solution of antmonia/methanol (7 mL) was added to a mixture of [(3.4,8.9-tetrahydro-3 3 8 8-tetramethvl- 

c;IL.r?nr T ^"^^ '""^ at 46 "C for 5 hours. Methanol was distilled off under reducS 

pressure, and water was poured into the residue, which was then extracted twice with ethyl acetate The combined 

iTe Jg poS m 1T9T '° ^'"'^ 

0hTs)^3%h! ?)' ' '^ ■ ' ''^^)- t^'^- « 

EXAMPLE 205 

[(3.4.8.9-Tetrahydro-3,3.8.8-tetramethy|.1-phenytfuro[2.3-h]isoquinolin-6-yl)oxylacetate hydrochloride 

nl*^ ^"^"^""^ °' hydroxide (3.13 mL. 6.26 mmol) was added to a solution of [(3 4 8 9-tetrahv- 

ILT ^ T ""^"'^ ^"^"^ ^ temperature for 4 hours. Methanol was disU lied off under reduced 
M tlT^ r'^*' ^''"^ 2 M hydrochloric acid. 4 M solutton 

of hydrogen chlonde/ethyl acetate (1 .17 mL. 4.68 mmol) was added to the mixture and the mixture was concentra^ 
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under reduced pressure. The residue was dissolved in methanol, and the Insolubles were filtered off, and mother liquor 
was concentrated under reduced pressure. The same procedure was repeated twice, and then the title compound 
(1 .1 7 g. Yield: 90%) was obtained. 
Amorphous. 



5 1H NMR (CDCI3) 6 1.29 (6H, s), 1,54 (6H, s), 2.18 (2H, s), 2.93 (2H. s). 4.66 (2H, s). 6.66 (1H. s). 7.48-7.70 (5H. m). 



N-Methyl-2<(3.4,8,94etrahydro-3;3,8.8-tetramethyl-1-pheny!furo[2,3-hlisoquino[in-6-yl)oxy^^ hydrochloride 



[0923] N,N'-Carbonyldiimidazole (1 87 mg. 1 .1 5 mmol) was added to a solution of [(3,4.8,9-tetrahydro-3,3,8,8-tetfam- 
etf^yi^1^henylfuro{2i3^i]iso<|uinoHn^^t)oxy]aeetate^^h 

mL) and the mixture was stinred at room temperature for 2 hours. Methylamlne hydrochloride (78 mg, 1 .1 5 mmol) and 
triethylamine (0.32 mL, 2.31 mmol) were added, and the mixture was stirred at room temperature further for 5 hours. 

15 Ice water was poured into the reaction mixture, which was then extracted twice with ethyl acetate. The combined 
organic layer was washed twice with brine, dried over magnesium sulfate, filtered, and concentrated under reduced 
pressure. The residue was subjected to a column chromatography on a silica gel (hexane/ethyl acetate 1:1 followed 
by ethyl acetate) to obtain a free base of the title compound. This was dissolved in ethyl acetate, combined with 4 M 
solution of hydrogen chloride/ethyl acetate, and concentrated under reduced pressure to obtain the title compound 

^ (330 mg, Yield: 73%). 



NMR (DMSO-dg) 6 1,24 (6H, s). 1 .44 (6H, s). 2.17 (2H, s), 2.66 (3H. d. J = 4.8 Hz). 3.13 (2H, s), 4.72 (2H. s), 6.99 
(1H, s), 7.63-7.80 {5H, m), 8.17 (1H, d, J = 4.8 Hz). 

25 EXAMPLE 207 

N,N-Oimethyl-2^(3,4,8,9-tetrahydro-3,3,8.8-tetramethyl-1-phenylfuro[2,3-h]isoquinolin-6-yl)oxy]acetamide 

[0924] Triethylamine (0.22 mL. 1 .60 mmol) was added to a solution of [(3,4,8,9-tetrahydro-3,3.8,8-tetramethyl-1 -phe- 
30 nylfuro[2;3-h]lsoquinolin-6-yl)oxy]acetic acid hydrochloride (604 mg, 1 .45 mmol) in tetrahydrofuran (6 mL) and the 
mixture was stirred at room temperature for 3 minutes. N.N'-cariaonyldiimidazole (259 mg, 1.60 mmol) was added to 
the reaction mixture and the mixture was stinred at room temperature for 2 hours. 2 M solution of dimethylamine/ 
tetrahydrofuran (0.80 mL, 1 .60 mmol) was added to the reaction mixture and the mixture was stin-ed at room temper- 
ature for 1 hour. Water was poured into the mixture, which was then extracted twice with ethyl acetate. The combined 
55 organic layer was washed with brine, dried over sodium sulfate, filtered, and concentrated under reduced pressure. 
The residue was crystallized from ethyl acetate-diethyi ether to obtain the title compound (422 rhg, Yield: 72%). 
Melting point: 120-140 'C. 



NMR (CDCI3) 6 1.26 (6H, s), 1.29 (6H. s). 2.17 (2H, s), 2.69 (2H. s), 2.99 (3H, s), 3.10 (3H. s). 4.83 (2H. s). 6.67 
(1H, s). 7,39 (5H, s). 



EXAMPLE 208 

2-[(3,4,8,9-Tetrahydro-3,3,8.8-tetramethyl-1-phenylfuro[2,3-h]isoquinolin-6-yl)oxy]ethanami^ 

[0925] Sodium hydride (66% suspension in oil) (142 mg. 3.92 mmol) was added to a solution of 3,4,8,9-tetrahydro- 
3,3,8,8-tetramethyl-l-phenyl-6-furo[2,3-h]isoquinolinol (1.20 g, 3.73 mmol) in N,N-dimethylformamide (6 mL) and the 
mixture was stirred at room temperature for 15 minutes. N-(2-Bromoethyl)phthalimide (949 mg, 3.73 mmol) was added 
to the reaction mixture, and the mixture was stirred at room temperature for 1 hour, and then at 60 for 3 hours. 
N-(2-bromoethyl)phthalimlde (949 mg, 3.73 mmol) and potassium cartDonate (542 mg, 3.92 mmol) were added at room 
temperature, and the mixture was stirred at 50 °C for 3 hours. Water was poured into the reaction mixture, which was 
then extracted twice with ethyl acetate. The combined organic layer was washed twice with water and brine, dried over 
sodium sulfate, filtered, and concentrated under reduced pressure. The residue was subjected to a column chroma- 
tography on a silica gel (hexane/ethyl acetate 50:1 followed by ethyl acetate) to obtain 2-[2-[(3,4,8,9-tetrahydro- 
3,3,8,8-tetramethyI-1-phenylfuro{2,3-hJisoquinolin-6-yl)oxyJethyf]-1H-isoindole-1,3(2H)-dione (707 mg. Yield: 38%). 
1H NMR (CDCI3) 6 1 .21 (6H. s), 1 .22 (6H, s), 2.13 (2H, s). 2.62 (2H, s), 4.12 (2H. t, J = 6.4 Hz). 4.39 (2H, t, J = 6.4 
Hz), 6.70 (1H. s), 7.35-7.37 (5H, m). 7.70-7.75 (2H, m), 7.84-7.88 (2H, m). 

[0926] 2-[2-f (3,4.8,9-tetrahydro-3,3.8,8-tetramethyl-1 -phenylfuro[2.3-h]isoquinolin-6-yI)oxy]ethyl]-1 H-isoindole-1 ,3 
(2H)-dione (708 mg, 1 .42 mmol) was dissolved in ethanol (7 mL), hydrazine monohydrate (0.072 mL. 1 .50 mmol) was 
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Amorphous. 
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added thereto, and the mixture was stirred at 80 -C for 1 .5 hours. The insolubles were removed by filtration and the 
filtrate was concentrated under reduced pressure. A dilute aqueous solution of sodium hydroxide was poured into the 
residue which was then extracted twice with ethyl acetate. The combined organic layer was washed with brine dried 
over sodium sulfate, filtered, and concentrated under reduced pressure. The residue was subjected to a column chro- 
matography on a silica gel (hexane/ethyl acetate 3:1 followed by ethyl acetate), and cn^tallized from hexane^liethyl 
etherto obtain the title compound (56 mg, Yield: 1 1 %). ««ie-uiemyi 
Melting point: 77-79 "C. 

6"6?oS.?S (SH^ir' ' ^-^^ ' = "^>- (2H. m). 

. EXAMPLE 209 

2-((3,4,8.9-Tetfahydro-3.3.B,8-tetramethyl-1-phenylfuro[2.3-h]isoquinolin-6-yOoxy]ethanol 

[0927] 2-Bromoethanol(0.11 mL, 1.57mmol) and potassium carbonate (217 mg, 1.57 mmol) were added to a solution 
of 3.4 8.9-tetrahydro-3,3,8.8-tetramethyl-1-phenyl-6-furo(2.3-h]isoquinolinol (459 mg. 1.43 mmol) in N,N-dimethylfor- 
mamide (4.5 mL). and the mixture was stirred at 60 'C for 36 hours. Water was poured Into the reaction mixture which 
was then extracted twice with ethyl acetate. The combined organic layer was washed with water and brine ('twice) 
dned over sodum sulfate, ffltered. and concentrated under reduced pressure. The residue was subjected to a column 
chromatography on a basic silica gel (hexane/ethyl acetate 3:1 followed by 1 :1). and crystallized from hexane-diethyl 
etherto obtain the title compound (366 mg, Yield: 70%). 
Melting point: 90-92 "C. 

EXAMPLE 210 

6-(2-Fluoroethoxy)-3.4,8,9-tetrahydro-3.3.8,8-tetramethyH-phenylfuro[2,3-h]isoquinoline 
?*^lco?®'^®*^''°""'**^'*^'"®** ^*'°'"°-2-""o™ethaneb^ 

Melting point: 77-79 "C (diethyl ether-hexane) 

(1h!'s'!,"7!S'(5H, l). '^ ''^ ^ ^ "^-^^-^-^^ ^-^^-^^ (2H. m). 6.65 

EXAMPLE 211 

Dimethylcarbamothioic acid 0-(3.4.8.9-tetrahydro-3.3,8.8-tetramethyl-1-phenylfurD[2.3-hJisoquinolln-6-yl) ester 

S^ple 209'QliantftaHS'""'' "^'"^ dimethylthlocarbamoyi chloride by the method similar to that in Ex- 

Amorphous. 

JSi*^^" * ^ ^ 2- ^ » (2H. s), 2.69 (2H. s). 3.34 (3H. s). 3.^^^^^ 

EXAMPLE 212 

MrS^^°^'"°"' ^ 0-(3.4.8.9-tetrahydro-3.3.8.8-tetramethyl-1 -phenylfurD[2.3-hlisoquinolin-6-yljester 

^T°L°""^'^^''^*^°''"°''' ^"'"^ 0-(3.4.8.9-tetrahydro-3,3.8.8-letramethyl-1-phenylfuro[2.3-h)isoquinolin-6-yl) 
es er (902 mg. 2.21 mmol) was dissolved in ethyl acetate and combined with 4 M hydrogen chloride/ethyl acetate 
solution (0.55 mL). The resultant mature was concentrated under reduced pressure to obtain crystals which were 
washed with diethyl ether to obtain the title compound (946 mg, yield: 96%). 
Melting point: 170-180 'C. 

Sfoo^lf * ^ 2 22 (2H. s). 3.18 (2H. s). 3.30 (3H. s), 3.36 (3H. s), 7.17 (1H, s), 

f .00-/, 82 (5H, m). 
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EXAMPLE 21 3 

Dimethylcarbamothioic acid S-{3,4,8,94etrahydro-3,3.8,8-tetrameth 
hydrochloride 

5 

^ [0931^ Dimethylcaibamothioic acid 0-(3,4.8,9-letrahydro-3,3,8,84etramethyl-1-phenylfuro[2.3-h]jsoquinolin-6-yl) 
v. . ester (4^92 g, 1 2.0 mmol) was stirred at 1 90 for 24 hours. The reaction mixture was subjected to a column chroma- 
tography on a silica gel (hexane/ethyl acetate 5:1 followed by 3:1) to obtain a free base of the title compound 
1H NMR (CDCy 6 1 .25 (6H, s). 1 ,29 (6H. s). 2.21 {2H. s), 2.68 (2H, s). 3.05 (3H. brs). 3,10 (3H, br s), 7.11 (1H, s) 
10 7,40 (5H,s). 

[0932] This was dissolved In ethyl acetate, combined with 4 M hydrogen chloride/ethyl acetate solution, concentrated 
tinder^redtjced pressurey crystattized'f^ 
Melting point: 146-148 **C. 

iH NMR (DMSOkIs) 8 1.23 (6H, s). 1.45 (6H. s). 2.25 (2H. s). 2.94 (3H, s). 3.06 (3H, s). 3.15 {2H. s), 7.40 (1H s) 
15 7.66-7.77 {5H. s). 

EXAMPLE 214 

3,4,8,9-Tetrahydro-3,3,8,8-tetramethyl-6-(methyIthio)-1-phenylfuro[2,3-h]lsoquinofine hydrochtoride 

20 

[0933] A solution of dimethylcarbamothlolc acid S-(3,4,B,9-tetrahydro-3,3,8,8-tetramethyl-1 ♦phenylfuro[2,3-h]isoqui- 
nolrn-6-yl)ester (539 mg, 1 .32 mmol) in 10% aqueous solution of potassium hydroxide (5 mL) was heated under reflux 
for 1 hour. Water was poured into the reaction mixture, which was neutralized with 2 M hydrochloric acid and extracted 
twice with ethyl acetate. The combined organic layer was washed with brine, dried over sodium sulfate, filtered and 
25 concentrated under reduced pressure to obtain 3,4,8,9-tetrahydro-3,3.8.8-tetramethyl-1 -phenyl-6-furo[2,3-hJisoqulno- 
linethiol (434 mg). 

[0934] This was dissolved in N,N-dimethylformamide (5 mL), sodium hydride (66% dispersion in oil) (57 mg, 1 ,58 
mmol) was added thereto, and the mixture was stinred at room temperature for 20 minutes. While cooling in ice, io- 
domethane (0.098 mL, 1 .58 mmol) was added thereto, and the mixture was stin-ed at room temperature for 1 hour. 

30 Water was poured Into the reaction mixture, which was extracted twice with ethyl acetate. The combined organic layer 
was washed with brine, dried over sodium sulfate, filtered, and concentrated under reduced pressure. The residue was 
subjected to a column chromatography on a basic silica gel (hexane/ethyl acetate 10:1 followed by 5:1) to obtain a 
free base of the title compound. This was dissolved in ethyl acetate, combined with 4 M hydrogen chloride/ethyl acetate 
solution, concentrated under reduced pressure to obtain the title compound (287 mg, yield: 56%). 

35 Amorphous. 

1H NMR (DMSO-dg) 5 1 .24 (6H, s), 1 .45 (6H, s), 2,20 (2H, s), 2.67 (3H, s). 3. 1 7 (2H, s). 7.20 (1 H. s). 7.64-7.80 (5H, m). 
EXAMPLE 215 

40 6-Chloro-3.4,8.9-tetrahydro-3,3,8,8-tetramethyl-1 -phenylfuro[2.3-h]isoquino!ine hydrochloride 

[0935] Phosphorus oxychloride (0.44 mL, 4.67 mmol) was added to a solution of 3,4,8,9-tetrahydro-3,3,8,8-tetram- 
ethyl-1-phenyl-6-furo[2,3-h]isoquinolinol (1.00 g, 3.11 mmol) in N,N-dimethylfomiamide (1 mL) and the riilxture was 
stirred at 90 *C for 1 5 hours and then at 1 30 'C for 3 hours. The reaction mixture was poured into 2 M aqueous solution 

^5 of sodium hydroxide and extracted twice with ethyl acetate. The combined organic layer was washed with water and 
brine, dried over sodium sulfate, filtered and concentrated under reduced pressure. The residue was subjected to a 
column chromatography on a basic silica gel (hexane/ethyl acetate 100:1 followed by 30:1) to obtain a free base of 
the title compound. This was dissolved in ethyl acetate, combined with 4 M hydrogen chloride/ethyl acetate solution, 
concentrated under reduced pressure, ciystallized from hexane-ethyl acetate to obtain the title compound (380 mq 

50 yield: 33%). 

Melting point: 165-167 *»C, 

lHNMR(CCX:i3)61.36(6H,s),1.71 (6H. s). 2.31 (2H. s). 3.01 (2H. s). 7.21 (1H, s), 7.65-7.75 (5H, m). 
EXAMPLE 216 

55 

6-Chloro-3.4,8,9-tetrahydro-3.3,8,8-tetramethyl-1-[3-(4-pyridinyl)phenyl]furo[2.3-hlisoquinoline dihydrochloride 
[0936] The title compound was obtained from 3,4,8,9-tetrahydro-3.3,8.8-tetramethyl-1 -[3-(4-pyridinyl)phenyl]-6-furo 
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l2,3-h]isoquinolinol by the method simflar to that in EXAMPLE 216. Yield: 30%. 
Melting point: 145-155 °C (ethanol-ethyl acetate). 

1HNMR(DMSO-d6)61.27(6H.s).1.50(6H.s). 2.40 (2H.s),3.17(2H.s). 7.51 (1H. s). 7.85-7 87 (2H m) 837-8 39 
(2H.m).8.47(2H.d.J = 6.3Hz).9.13(2H.d,J = 6.3H2). ' ° 

EXAMPLE 21 7 

3,4.8,9-Tetrahydro-N.3.3.8,8-pentamethyl-1-phenyl-6-furo[2.3-hlisoquinolinamine hydrochloride 

[09371 40% Methylamlne/methanol solution (5 mL) was added to a mixture of 3.4 8 9-tetrahydro-6-fiiethoxy- 

3.3.8.8- tetramethyl-1 -phenylfuro[2.3-h]isoquinoline (5 1 8 mg. 1 .54 mmol) and ammonium chloride (1 65 mg 3 09 mmol) 
and-themi)rturewas-sNnBdirra<sealed'tBbe^1.S0^^^ 

and water was poured into the residue, and the mixture was extracted twice with ethyl acetate. The combined organic^ 
layer was washed with water and brine, dried over magnesium sulfate, filtered and concentrated under reduced pres- 
sure. The residue was subjected to a column chromatography on a silica gel (hexane/ethyl acetate 31 followed by 
hexane/ethyl acetateAriethylamine 25:25:1) to obtain a free base of the title compound 

1H NMR (CDCy 5 1.26 (6H, s), 1 .30 (6H. s). 2.16 (2H, s). 2.72 (2H, s), 2.93 (3H, s). 6.31 (1H. s). 7 40 (5H s) 
[0938] TTiis was dissolved in ethyl acetate, combined with 4 M hydrogen chloride/ethyl acetate solution and concen- 
trated under reduced pressure to obtain the title compound (376 mg. yield: 76%). 
Amorphous. 

1H NMR (CDCI3) 5 1 .28 (6H, s). 1 .67 (6H. s). 2.19 (2H. s). ^96 (2H. s), 3.03 (3H. s). 6.35 (1H. s), 7.50-7.70 (5H. m). 
EXAMPLE 218 

3.4.8.9- Tetrahydro-N,N.3.3,8.8-hexamethyl-1-phenyl-6-furo(2.3-h]isoquinolinaminedihydrochloride 

^ ."""^"'^ 3A8.9-tetrahydro4^.3.3.8,8-pentamethyl-1-phenyl-6-furo[2.3-hJisoquinolinamine (321 mg 
0.865 mmol). 37% aqueous solution of fomialdehyde (0.14 mL. 1 .90 mmol) and fomiic acid (0.16 mL 4 33 mmol) was 
stirred at 60 'C for 1 .5 hours and at 1 00 'C for 1 hour. The reaction mixture was neutralized with 2 M aqueous solution 
of sodium hydroxide and extracted twice with ethyl acetate. The combined organic layer was washed with brine dried 
over sodium sulfate, filtered, and concentrated under reduced pressure. The residue was subjected to a column chro- 
matography on a basic silica gel (hexane/ethyl acetate 100:1 followed by 10:1) to obtain a free base of the title com- 
pound Jhis was dissolved in ethyl acetate, combined with 4 M hydrogen chloride/ethyl acetate solution and crystallized 
from ethyl acetate to obtain the title compound (114 mg. yield; 31%). 
Melting point: 105-115 °C. 

T^^iM®?^ ^ ■'•'^^ ^ ^ <2H. s). 3.16 (6H. s). 6.64 (1H. s). 7.53-7.73 (5H. 

EXAMPLE 219 

N-Ethyl-3.4.8,9-tetrahydro-3.3.8.8-tetramethyl-1-phenyl-6-furo[2.3-h]isoquinolinamine hydrochloride 

ExJ2pLE217"^'2d^"r ^''"^"^ °^ elhylamine by the method similar to that in 
Amorphous. 

elo « H nSu ' ' = 2 (2H. S), 3.04 (2H. s), 3.26-3.50 (2H. m). 

6.59 (IH.s), 7.08 (1H.brs),7.52-7.84(5H.m), 11.37 (IH.brs). » • ^ 

EXAMPLE 220 

3,4,8.9-Tetrahydro-3,3,8.8-tetramethyl-1-phenyl-6-furo[2,3-h]isoquinolinamine 

109411 5 M Ammonia/methanol solution (40 mL) was added to a mixture of 3.4,8,9-tetrahydro-6-methoxy-3 3 8 8-te- 
tramethyl-1-phenylfuro[2,3-hllsoqulnoline (3.77 g, 11.2 mmol) and ammonium chloride (1.20 g, 22 5 mmol) and the 
mixture was stirred in a sealed tube at ISO °C for 24 hours. Methanol was distilled off under reduced pressure and 
water was poured into the residue, which was neutralized with sodium hydrogen caibonate. and extracted three limes 
with ethyl acetate. The combined organic layer was washed with brine, dried over sodium sulfate filtered and con- 
centrated under reduced pressure. The residue was subjected to a column chromatography on a basic silic^ gel (hex- 
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ane/ethyl acetate 50:1 followed by 5:1 ) and crystallized from diethyl ether to obtain the title compound (1 .58 g. yield: 
44%). 

Melting point: 158-162 ''C. 

NMR (CDCy 5 1.26 (12H. s). 2.15 (2H. s). 2.63 (2H, s). 6.40 (1H. s). 7.36-7.44 (5H. m). 

EXAMPLE 221 

i 
/ 

NK3,4,8,9-Tetrahydro-3.3,8.84etramethyl-1-phenylfuro[2,3-h]isoquinolin-6-yl)fo(Tnarnide 

[0942] A solution of formic acid (3 mL) and acetic anhydride (1 mL) was stirred at room temperature for 1 5 hours 
and 3.4.8.94etrahydrt)-3.3.8,8-tetramGthyl-1-phenyl-6-furo[2,3-hlisoquinolinamine (500 mg, 1.56 mmol) was added 
thereto- and- the"mixfure-was.stifredat.TOonvtenqperatHre"ft^^ 

aqueous solution of sodium hydroxide and extracted twice with ethyl acetate. The combined organic layer was washed 
with bnne, dried over sodium sulfate, filtered and concentrated under reduced pressure to obtain the title comoound 
(470 mg, yield: 87%). ^ 
Amorphous. 

1H NMH (CDCI3) 5 1.26 (6H. s). 1.29 (6H. s), 2.22 (2H. s), 2.69 (0.6H. s). 2.73 (1.4H. s), 7.40 (6H. s). 8.03 (1H. s). 
8.45 (1H, d, J = 1.4 Hz). ' ' 

EXAMPLE 222 

N-(3,4.8,9-Tetrahydro-3,3,8,8-tetramethyl-1-phenylfuro[2,3-hlisoquinoHn-6-yl)acetaniide 

[0943] Acetic anhydride (2 mL) was added to a solution of 3,4.8.9-tetrahydro-3,3.8.8-tetramethyl-1 -phenyl-6-furo 
[2.3-h]isoquinolinamine (542 mg. 1.69 mmol) in pyridine (3 mL) and the mixture was stirred at room temperature for 
12 hours. Aqueous solution of sodium hydrogen carbonate was poured into the reaction mixture, and the mixture was 
extracted three times with ethyl acetate. The combined organic layer was washed with brine, dried over magnesium 
sulfate, filtered and concentrated under reduced pressure. The residue was subjected to a column chromatography 
on a basic silica gel (hexane^ethyl acetate5:1) and crystallized from hexane^liethyl ether to obtain the title compound 
(445 mg, yield: 74%). 
Metting point: 1 75-1 80 'C. 

iH NMR (CDCI3) 8 1.24 (SH, s). 1.28 (6H. s), 220 (2H. s), 2.22 (3H, s), 2.71 (2H. s). 7.32 (1H. s). 7.83 (5H. s), 8.04 

^ 1 n J or s ). 

EXAMPLE 223 

N-(3,4,8.9-Tetrahydro-3.3.8.8-tetramethyl-1-phenylfuro[2,3-h]isoquinolin-6-yl)methanesulfonamlde 

[0944] While cooling in ice. methanesulfonyl chloride (0.22 mL, 2.74 mmol) was added to a solution of 3 4 8 9-tet- 
rahydro-3,3.8,8-tetramethyl-1-phenyl-6-furo[2,3-h]isoquinolinamine (400 mg, 1.25 mmol) and triethylamine (0.38 mL 
2.74 mmol) in tetrahydrofuran (5 mL) and the mixture was stirred at room temperature for 2 hours. Water was poured 
into the reaction mixture, which was neutralized with 1 M aqueous solution of sodium hydroxide and extracted twice 
with ethyl acetate. The combined organic layer was washed with water and brine, dried over sodium sulfate, filtered 
and concentrated under reduced pressure. The residue was subjected to a column chromatography on a silica gel 
Oie^ane/ethyl acetate 5:1 followed by 1 :1 ) and ciystalllzed from diethyl ether to obtain the title compound (27 mg. yield: 

Melting point: 175-177 °C. 

NMR (CDCI3) 8 1.25 (6H, s), 1.28 (6H, s). 2.21 (2H, s). 2.70 (2H, s), 3.06 (3H, s). 7.17 (1H, s). 7.39 (6H, s). 
EXAMPLE 224 

N-(3.4.8,9-Tetrahydro-3.3,8,8-tetramethyl-1-phenylfuro(2,3-h]isoquinolin-6-yl)propanamide 

[0945] The title compound was obtained from 3.4.8,9-tetrahydro-3.3,8.8-tetramethyl-1 -phenyl-6-furo[2,3-hllsoquin- 
olinamine and propionyl chloride by the method similar to that in EXAMPLE 30. Yield: 57% 
Melting point: 129-131 "C (diethyl ether-hexane). 

T iTi?.'^^''^ ^ ^^"^ ^ = ^ ^ "^>' ^-28 s). 2.20 (2H, s), 2.44 (2H. q, J = 7.5 Hz). 2.70 (2H 

s).7.31 (1H,s), 7.38 (5H,s), 8.07 (1H.br s). ' 



1270S77A1 I > 



174 



EP 1 270 577 A1 



EXAMPLE 225 



(3,4,8,9Tetrahydro-3.3.8.84etramethyl-1-phenylfuro[2,3-h]isoquinolin-6irl)cart^ acid ethyl ester 

[0946] The title compound was obtained from 3.4.8,9-tetrahydro-3,3,8,8-tetramethyl-1 iDhenyl-6-furor2 3.hJlsoquin- 
olinahiine and ethyl chloroformate by the method similar to that in EXAMPLE 30. Yield* 3 2% 
Melting point: 92-94 (diethyl ether-hexane). 

EXAMPLE 226 

N-(3,4,8,9-Tetrahydro-3,3,8.8-tetramethyl-1 -phenylfuro[2,3-h]isoquinolin-6-y|)g|ycine ethyl ester 

[0947] The title compound was obtained from 3,4,8.9-tetrahydro-3.3,8,8-tetramethyl-1-phenyl-6^uror2 3-hlisoquin- 
olinamme and ethyl bromoacetate by the method similar to that in EXAMPLE 209. Yield- 35% 
Melting point: 79-81 °C (diethyl ether-hexane). 

iHNMR{CDCl3)61.23(6H.s).1.26(6H,s). 1.31 (3H. t J = 7.1 Hz). 2.15 (2H. s). 2.64 (2H. s). 3.98 (2H d J = 58 
Hz). 4.27 (2H. q. J = 7.1 Hz). 4.52 (1 H. t. J = 5.8 Hz). 6.20 (1 H. s). 7.37 (5H. s). 

EXAMPLE 227 

N-(3.4,8.9-TetrahydK>-3.3.8.8-tetramethyl-1-phenylfuro[2,3-h]isoquinolin-6-yl)urea 

[0948] While cooling with ice. trifluoroacetic acid (0.34 mL. 4.43 mmol) was added to a suspension of 3 4 8 9-tet- 
rahydro-3,3.8.8-tGtramethyl-1-phenyl-6-furo[2.3.h]isoquinolinamine (346 mg. 1.08 mmol) and sodium cyanate (140 
mg, 2.1 6 mmol) in toluene (5 mL) and the mixture was stinred at room temperature for 3 hours. 1 M aqueous solution 
of sodium hydroxide was poured into the mixture, and the mixture was extracted twice with ethyl acetate The combined 
organic layer was washed with brine, dried over sodium sulfate, filtered, and concentrated under reduced pressure 
Tl,e residue was subjected to a column chromatography on a basic silica gel (hexane/ethyl acetate 3:1 followed by 1 • 
2). and the resultant crystals were washed with diethyl ether to obtain the title compound (1 78 mq yield- 45%) 
Melting point: 151-153 'C. --^m,. 

1H NMR (CDCI3) 5 1 .24 (6H. s). 1 .26 (6H. s). 2.19 (2H. s), 2.70 (2H. s). 4.85 (2H. br s), 6.72 (1 H. s). 7.37 (5H, s). 7.72 
(in, s). 

EXAMPLE 228 

N-Methyl-N'-(3.4.8.9-tetrahydro-3,3,8.8-tetramethyl-1-phenylfuro[2.3-h]isoquinolin-6-yl)urea 

?®'!f I o^"f ''""""^ "^"^ """^"y' (0.22 mL, 1 .67 mmoO was added to a solution of 3.4.8,9-tetrahy- 

mi^"!if - M ^I'^'P^ '"S- ^ '""lol) and triethylamine (0.23 mL. 1 .67 

mmol) in N.N-dimethylformamide (6 mL) and the mixture was stirred at room temperature for 4 hours. Triethylamine 
(0. 12 mL. 0.84 mmol) and phenyl chlorofomiate (0. 1 1 mL. 0.84 mmol) were further added, and the mixture was stirred 
at room temperature further for 4 hours. Methylamine hydrochloride (305 mg, 4.53 mmol) and triethylamine (0.63 mL 
4.53 mmol) were added to the reaction mixture and the mixture was stirred at room temperature for 15 hours. Ice water 
was poured into the mixture and the mixture was extracted twice with ethyl acetate. The combined organic layer was 
washed with water (twice) and brine, dried over magnesium sulfate, filtered and concentrated under reduced pressure 
I ne residue was subjected to a column chromatography on a basic silica gel (hexane/ethyl acetate3:1 followed by 1 • 
1) and crystallized from diethyl ether to obtain the title compound (305 mg yield- 54%) 
Melting point: 209-21 1 "C 
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EXAMPLE 229 

2H(3,4.8.9Tetrahydro-6-methoxy-3,3,8.84etramethyl-1-phenylfuro[2.3-hllsoq^ 
(2H)-dione 

[0950] , 3,4.8.9-Tetrahydro-6-methoxy-3,3,8.8-tetramethyl-1-phenylfuro[2,3-h]iso^ (796 mg, 2.37 mmol) was 

; dissotv6d in cone, sulfuric acid (3 mL), N-(hydroxymethyl)phthalimide (462 mg, 2.61 mmol) was added thereto and the 
mixture was stirred at room temperature for 2 hours. Water was poured into the reaction mixture, which was extracted 
twice with ethyl acetate. The cdnnbined organic layer was washed with water and brine, dried over sodium sulfate, 
filtered and concentrated under reduced pressure. The residue was subjected to a column chromatography on a basic 
silica gel (hexane/ethyl acetate 8:1 followed by 5:1 ) and the resultant crystals were washed with diethyl ether to obtain 
the*titte^compound (506>mg^ yieW?- 43%K 
Melting point: 193-195 ^'C. 

NMR (CDQa) 5 1 .25 (6H. s), 1 .28 (6H, s). 2.12 (2H, s), 2.81 (2H, s). 3.96 (3H, s). 4.92 (2H. s). 7.37 (5H, s), 7.69-7.71 
(2H,m), 7,81-7.85 (2H.m). 

EXAMPLE 230 

3,4,8,9-Tetfahydro-6-methoxy-3,3,8,8-tetramethyM-phenyl-5-furo[2,3-h]isoqulnolinemethanamine 

[0951] Hydrazine monohydrate (0,71 mL, 14,7 mmol) was added to a suspension of 2-[(3.4,8,9-tetrahydro-6-meth- 
oxy-3,3,8,8-tetramethyl-1-phenylfuro[2,3-h]isoquinolin-5-yOmethyl]-1H-isolndol-1,3(2H)-dione (6.94 g, 14,0 mmol) in 
ethanol (40 mL) and the mixture was heated under reflux for 3 hours, Diisopropyl ether was poured into the reaction 
mixture and the precipitated crystals were removed off by filtration. The filtrate was combined with 1 M aqueous solution 
of sodium hydroxide and water, and the organic layer was separated and the aqueous layer was extracted with ethyl 
acetate. The organic layer was washed with brine, dried over sodium sulfate, filtered and concentrated under reduced 
pressure. The residue was subjected to a column chromatography on a silica get (ethyl acetate followed by ethyl 
acetate/triethylamine 50:1 ) and crystallized from hexane-diethyl ether to obtain the title compound (3.46 g. yield- 68%) 
Melting point: 1 40-1 42 "C. 

NMR (CDCy S 1 .26 (6H. s). 1 .28 (6H. s). 2.13 (2H. s). 2.71 (2H, s). 3.86 (2H, s). 3.97 (3H. s). 7.38 (5H. s). 
EXAMPLE 231 

N-[(3,4,8,9-Tetrahydro-6-methoxy-3,3,8.8-tetramethyl-1-phenylfuro[2,3-h]isoquinolin-5-yl)methyl]formamide 

[0952] The title compound was obtained from 3.4,8,9-tetrahydro-6-methoxy-3.3,8,8-tetramethyl-1-phenyl-5-furo 
[2.3-h]isoquinolinemethanamine by the method similar to that in EXAMPLE 221 . Yield: 84%. 
Melting point: 205-208 *C (diethyl ether-hexane). 

1H NMR (CDCy 6 1.23 (6H, s), 1 .28 (6H, s), 2.14 (2H, s), 2.79 (2H, s), 4,00 (3H, s), 4.53 (2H, d, J = 5.4 Hz), 5.86 
(1H, brs), 7.37 (5H. s). 8.17 (1H, s). 

EXAMPLE 232 

N-[(3,4,8,9-Tetrahydro-6-methoxy-3,3,8,8-tetramethyl-1-phenylfuro[2,3-h]isoquinolin-5-yl)methyl]acetamide 

[0953] The title compound was obtained from 3,4,8,9-tetrahydro-6-methoxy-3,3,8,8-tetramethyl-1-phenyl-5-furo 
[2.3-h]isoquinonnemethanamine by the method similar to that in EXAMPLE 30. Yield: 90%. 
Melting point: 164-166 ''C (diethyl ether-hexane). 

NMR (CDCig) 6 1.23 (6H, s), 1 ,28 (6H. s), 1 .97 (3H, s), 2.14 (2H, s), 2.78 (2H. s), 3.99 (3H, s), 4.48 (2H, d. J = 5.6 
Hz), 5.74 (1 H, br s), 7.38 (5H, s). 

EXAMPLE 233 

N-((3,4,8,9-Tetrahydro-6-methoxy-3,3,8.8-tetramethyl-1-phenylfuro[2,3-h]isoquinolin-5-yl)methyl]urea 

[0954] The title compound was obtained from 3,4,8,9-telrahydro-6-methoxy-3,3.8.8-tetramethyl-1-phenyl-5-furo 
(2.3-h]isoqulnolinemethanamine by the method similar to that in EXAMPLE 227. Yield: 59%. 
Melting point: 172-174 •C (diethyl ether-hexane). 
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1HNMR(C0CI3)5 1.24 (6H,s).1.27(1.8H.s). 1.28 (4.2H,s). 1.58 (2H.s).2.13(0.6H.s) 214(1 4H s) 277f2H 

?n?J^ \";t?,olcu"' t^' ""-^ ^ = ^ ^ t^ -^"- 4-46 (0.6H. d. J = 5.k HZ). 4.80^".95 

(u.on, m), 7.33-7.38 (on, m). 

EXAMPLE 234 

5-Brontomethyl-3.4.8.9-tetrahydro-6-methoxy-3.3.8.84etfamethyl^ 

^ ^ "^'^^ ^^''"^ '° ^ suspension of 3.4,8,9-tetrahydro-6-methoxy- 

3.3 8,8-tetramethyl-1 ■phenylfuro(2,3-hIisoquinoline (7.12 g, 21 .2 mmol), parafomialdehyde (94%) (1 02 g 31 8 mmol) 
and sodium bromide (2.51 g, 24.4 mmol) in acetic acid (6.07 mL, 106 mmol) and the mixture was stirr^'at 90 "C for 
tS-houre. Iceirater waspoured-into the-reaction mixturer whic^ 

aqueous ammonia, and extracted twice with ethyl acetate. The combined organic layer was washed with water and 
bnne. dned over sodium sulfate, filtered and concentrated under reduced pressure. The residue was subjected to a 
column chromatography on a silica gel (hexane/ethyl acetate 7:1 followed by 6:1) to obtain the title compound (4 57 
g, yield: 50%). * 
Amorphous. 

1H NMR (CDCy 6 1.28 (12H. s). 2.14 (2H, s), 2.71 (2H. s). 4.03 (3H, s). 4.65 (2H. s). 7.38 (SH. s). 
EXAMPLE 235 

3.4.8.9-Tetrahydro-6-imthoxy-5Hmethoxymethyl)-3,3,B,8-tetramethyl-1-phenylfuro(2,3-h]isoquinolineh^ 

. ^^t solution (0.91 mL. 4.73 mmol) was added to a solution of 5-bromomethyl- 

3.4 8.9-tetrahydro-6-methoxy-3,3.8,8-tetramethyl-1-phenylfuro[2.3-h]isoquinoiine (1 .84 g. 4.30 mmol) in methanol (10 
mL) and the mixture was stiaed at room temperature for 1 hour and then at 60 °C for 1 hour. Furthemiore 28% sodium 
methoxide/methanol solution (1 .82 mL. 9.46 mmol) was added to the mixture and the mixture was stirred at 60 -C for 

J)""*; '^^'^1 '"'^"'^ concentrated under reduced pressure, and the residue was combined with water and 
extracted tw.ce wrth ethyl acetate. "The combined organic layer was washed with water and brine, dried over sodium 
sulfate, filtered and concentrated under reduced pressure. The residue was subjected to a column chromatogiBphy 
on a basK: silica gel (hexane/ethyl acetate 7:1 ) to obtain a free base of the title compound. This was dissolved in ethyl 
acetate combined wrth4M hydrogen chto^^^ 
with ethyl acetate to obtain the title compound (1 .1 6 g, yield: 65%). 
Melting point: 143-145 'C. 

^^TeeT^lt"^ ^ ^^''* ^ '^•so (2H. s). 

EXAMPLE 236 

5-(Ethoxymethyl)-3.4.8.9-tetrahydro-6-methoxy-3.3.8.8-tetramethyl-1-phenylfuro[2.3-hlisoquinolinehydrochlorW 
C0957] Sodium acetate (143 mg. 1.75 mmol) and2 M aqueous solution of sodium hydroxide (2 mL) were added to 

mg 0.873 mmol) in ethanol (3 mL) and the mixture was stirred at 60 'C for 2 hours and then at 80 -C for 2 hours Ice 

wplwrh^TJ"'" "^I.^- T*"""" ""^"^ ^'^'^'^'^^ ^^t^e. Tlie combined oiganic layer 

was washed with bnne, dned over sodium sulfate, filtered, and concentrated under reduced pressure. The residue was 
subjected to a column chromatography on a silica gel (hexane/ethyl acetate 5:1) to obtain a free base of the title 
compound. The was dissolved in ethyl acetate, combined with 4 M hydrogen chloride/ethyl acetate solution, concen- 
trated under reduced pressure and crystallized from diethyl ether to obtain the title compound (191 mg yield- 51%) 
Melting point: 137-139 "C. »• / • '«>/• 

EXAMPLE 237 

3.4.8.9-Tetfahydro-6-methoxy-3.3,8.8-tetramethyI.1.pheny|.5-furop 

[0958] Asuspensionof5-bromomethyl-3,4.8,9.tetrahydro-6.memoxy-3.3.8.8.te^^^ 
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noline (289 mg, 0.675 mmol) and calcium carbonate (506 mg, 5.06 mmol) in 1 ,4-dioxane (3 mL) and water (3 mL) was 
stirred at 60 **C for 2 hours. Water was poured into the reaction mixture, which was extracted twice with ethyl acetate. 
The combined organic layer was washed with brine, dried over sodium sulfate, filtered, and concentrated under reduced 
pressure. The residue was subjected to a column chromatography on a basfc silica gel (hexane/ethyl acetate 3:1) and 
crystallized from hexane-di ethyl ether to obtain the title compound (159 mg. yield: 65%). 
MeltPngpoint: 160-163 ''C, 

NMri (CDCI3) 5 1 .25 (6H. s). 1 .28 (6H. s), 1 .97 (1 H, t, J = 6.0 Hz). 2.14 (2H, s), 2.75 (2H, s), 4.00 (3H, s), 4.74 (2H, 
d, J ^ 6.0 Hz). 7.38 {5H, s). 

EXAMPLE 238 

5^Ruoromethyl)-Q?4^8,94etrahyd«>-6wethoxy-3'/3f8^8-^^^ 

[0959] Potassium fluoride (spray dried material) (118 mg. 2.02 mmol) and 18-crown-6 (534 mg. 2.02 mmol) were 
added to a solution of 5-bromomethyl-3,4,8,9-tetrahydro-6-methoxy-3,3,8,8-tetramethyl-1-phenylfuro[2,3-h]isoquino- 
line (289 mg, 0.675 mmol) in acetonitrile (5 mL) and the mixture was stinted at 80 ''C for 7 hours. Acetonitrile was 
distilled off under reduced pressure, and water was poured into the residue and the mixture was extracted twice with 
ethyl acetate. The combined organic layerwas washed with brine, dried over sodium sulfate, filtered, and concentrated 
under reduced pressure. The residue was subjected to a column chromatography on a basic silica gel (hexane/ethyl 
acetate 1 0:1 followed by 5:1 ) to obtain a free base of the title compound. This was dissolved in ethyl acetate, combined 
with 4 M hydrogen chloride/ethyl acetate solution, crystallized from diethyl ether to obtain the title compound (230 mg, 
yield: 84%). 

Melting point: 1 46-1 58 ^'C. 

1H NMR (DMSO-dg) 5 1.26 (6H. s), 1.45 (6H, s), 2.15-2.23 (2H, m), 3.22 (2H, s), 4.04 (3H, s), 5,57 {2H. d, J = 48.0 
Hz), 7.63-7.80 (5H, m). 

EXAMPLE 239 

3,4,8,9-Tetrahydro-6-methoxy-3,3,5,8,8-pentamethyl-1-phenylfuro[2,3-h]isoquinoline hydrochloride 

[0960] Tributyltin hydride (0.91 mL, 4.73 mmol) and 2,2'-azobis(isobutyronitrile) (11 mg, 0.0677 nrimol) were added 
to a solution of 5-bromomethyl-3,4,8,9-tetrahydro-6-methoxy-3,3,8.8-tetramethyl-1-phenylfuro[2,3-h]isoquinoline(290 
mg, 0.677 mmol) in chlorobenzene (3 mL) and the mixture was stirred at 80 *»C for 2 hours. Chlorobenzene was distilled 
off under reduced pressure and the residue was subjected to a column chromatography on a basic silica gel (hexane/ 
ethyl acetate 10:1) to obtain a free base of the title compound. This was dissolved in ethyl acetate, combined with 4 
M hydrogen chloride/ethyl acetate solution, and crystallized from ethyl acetate to obtain the titfe compound (63 mg, 
yield; 24%). 

Melting point: 138-140 '^C. 

1H NMR (DMSO-de) « 1 ^4 (6H, s), 1 .45 (6H, s). 2.12 (2H. s). 2.17 (3H, s), 3.08 (2H. s). 3.99 (3H. s). 7.58-7.76 (5H, m). 
EXAMPLE 240 

3,4,8.9-Tetrahydro-6-methoxy-3,3,8,8-tetramethyl-1-phenyl-5-furo[2,3-h]isoquinolineacetonitrile 

[0961] A solution of potassium cyanide (143 mg, 2.20 mmol) in water (2.25 mL) was added to a solution of 5-bro- 
momethyl-3,4,8,9-tetrahydro-6-methoxy-3,3i8,8-tetramethyl-1-phenylfuro[2,3-h]isoquinojlne (947 mg, 2.20 mmol) In 
N,N-dinnethylformamide (9,5 mL) and the mixture was stirred at room temperature for 3 hours. Water was poured into 
the reaction mixture, which was extracted twice with ethyl acetate. The combined organic layer was washed twice each 
with water and brine, dried over sodium sulfate, filtered and concentrated under reduced pressure. The residue was 
subjected to a column chromatography on a silica gel (hexane/ethyl acetate 5:1 followed by 3:1) and crystallized from 
hexane-diethyl ether to obtain the title compound (465 mg, yield: 56%), 
Melting point: 95-96 *»C. 

1H NMR (CDCy 5 1 .28 (6H, s), 1 .28 (6H. s). 2.1 5 (2H, s). 2.68 (2H, s), 3.74 (2H, s), 4.03 (3H. s). 7.38 (5H. s). 
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EXAMPLE 241 

3,4.8.9-Tetfahydro-6-methoxy-3.3.8,8^etramethyl-1i3henyl-5-furo[2.3^iIisoquinolineaM^^^ acid ethyl ester 
hydrochloride 

L [0962] , While cooling in ice, cone, sulfuric acid (2.34 mL, 43.8 mmol) was added to a solution of 3.4 8 9-tetrahvdro- 
V. 6-methoxy-3,3,8,8-tetramethyl-1-phenyl-5-furo{2.3-h]isoquinolineacetonitrile (4.01 g. 10.7 mmol) in ethanol (36 mL) 
and the morture was heated under reflux for 60 hours. Ice water was poured into the reaction mixture which was 
neutralized with cone, aqueous ammonia, and then extracted twice with ethyl acetate. The combined oraanic laver 
was washed with brine, dried over sodium sulfate, filtered, and concentrated under reduced pressure The residue was 
subjected to a column chromatography on a basic silica gel (hexane^ethyl acetate 20:1 followed by 51 ) to obtain a 
free base oMhe tiH&eompotmdr ' 

ll J.'faTH^q! J = V?Hz)"'4'(5H,^s"' ' ^ ^ 

(0963] This was dissolved in ethyl acetate, combined with 4 M hydrogen chloride/ethyl acetate solution and concen- 
trated under reduced pressure to obtain the title compound (2.58 g, yield: 53%). 
Amorphous. 

rTTioJ'f^M^'^ ? ' = ' ^ ' ^ ' ^ <2"- «). 3 (2H. s). 3.78 (2H, s). 3.96 

(3H, s). 4.91 (2H. q, J = 7.0 Hz). 7.63-7.80 (SH. m). / v . /. 

EXAMPLE 242 

3A8.9-Tetiahydro-6-methoxy-3.3.8.8-tetramethyl-1-phenyl-S-furo(2.3-h]isoquinolineaceticacid 

(0964] 5 M aqueous solution of sodium hydroxide (2 mL) was added to a solution of 3,4,B.9-tetrahydro-6-methoxy- 
3.3 8 8-tetramethyl-1.phenyl-6-furo[2.3-hlisoquinolin6acetic acid ethyl ester (750 mg. 1.78 mmol) in ethanol (5 mL) 
and the mixture was stirred at room temperature for 5 hours. Ethanol was distilled off under reduced pressure and 
water PO"red Jrito the residue, and the mixture was washed with diisopropyl ether The aqueous layer was adjusted 
at pH 3.5 with 2 M hydrochloric acid, combined with sodium chloride, and extracted three times with tetrahydrofuran 
The conrtbined organic layer was dried over sodium sulfate, filtered, concentrated under reduced pressure and crys- 
tallized from hexane-diethyl ether to obtain the title compound (1 76 mg yield- 25%) 
Melting point: 225-245 'C. 

1H NMR (CDCy 5 1.25 (6H, s), 1 21 (6H. s). 2.13 {2H. s). 2.61 (2H. s). 3.74 (2H. s). 3.94 (3H. s), 7.38 (5H. s). 
EXAMPLE 243 

3.4.8,9-Tetrahydro-6HTiethoxy-3,3.8,8-tetramethyl-1-phenyl-5-furo[2.3-h]isoquinolineacetamide 

rJ!l?th'^7'i?''^?^°'%^^^ ^ ^"^"^^ *° « 3.4.8.9-tetrahydro-6-methoxy- 

3^3 8.8-teUamethyl-1-phenyl-5-furo[2.3-h]isoquinolineacetic acid (499 mg. 1.27 mmol) in N.I^dimethylfomiamlde (5 
mL) and the mixture was stirred at room temperature for 10 minutes. Powdered ammonium chloride (75 mg 1 40 
mrnol) and tnethylamine (0.20 mL. 1 .40 mmol) were added and stirred at room temperature for 1 hour and then at 60 
C for 4 hours. Ice water was poured into the reaction mixture, which was extracted twice with ethyl acetate The 
combined organic layer was washed with water and brine (twice), dried over sodium sulfate, filtered and concentrated 
y"eS ySj** ^^'^ ""^^^ '° ^ compound (358 mg. 

Melting point: 1 71 -1 76 'C. 

(TnTrlJ.TSiHl Z ' ^ ^ ^ * 5-22 ('H, br s). 5.80 

EXAMPLE 244 

3,4.8.9-Tetiahydro-6-methoxy-N.3.3.8.8-pentan»thyl-1-phenyl-5-furo[2.3-h]isoquinoyneacetamide 

V J^-fJi!'^ confound was obtained from methylamine hydrochloride by the method simBar to that in EXAMPLE 
Melting point: 1 87-1 90 "C (hexane). 

NMR (CDCI3) 5 1.23 (6H. s). 1.30 (6H. s). 2.15 (2H. s). 2.69 {2H. s). 2.76 (3H. d, J = 5.2 Hz), 3.63 (2H. s), 3.96 



1270577A1 I > 



179 



EP 1 270 577 A1 



(3H. s), 5.68 (1H. brs). 7.38 (5H, s), 
EXAMPLE 245 

2-[(3,4,8.9Tetrahydro-6-hydroxy-3,3,8.84etramethyl-1-phenylfuro^^ 
dion^ , 

[0967J The title compound was obtained from 3,4,8,9-tetrahydro-3.3.8,8-tetramelhyl-1 i3henyl-6-furo[2,3-h]isoquin- 
olinol by the method similar to that in EXAMPLE 229. Yield: 1 6%. 
Melting point: 239-242 ^^C (diethyl ether-hexane). 

1H NMR (CDCI3) 6 1.28 (12H. s). 2.15 (2H. s), 2.98 (2H. s), 4.94 (2H, s), 7.35 (5H, s). 7.73-7.77 {2H. m). 7.86-7.91 
(2H^m)';8t08^<4nbrs)i 

EXAMPLE 246 

3,4,8,9-Tetrahydro-6-hydroxy-3,3,8,8-tetramethyl-1-phenyl-5-furo[2,3-h]isoquinolinemethanol 

[0968] While cooling In ice. 3,4,8.9-tetrahydro-3,3,8,8-tetramethyI-1-phenyl-6-furo(2,3-h]isoqulnolinol (200 mg, 
0.622 mmol) was added to a solution of chloromethylmethyl ether (0.052 mL, 0.684 mmol) and aluminum chloride (91 
mg, 0.684 mmol) in 1 ,2-dichloroethane (2 mL) and the mixture was stirred at room temperature for 5 hours. The reaction 
mixture was poured into ice water, washed with diethyl ether, neutralized with 5 M aqueous solution of sodium hydroxide 
and extracted twice with ethyl acetate. The combined organic layer was washed with water and brine, dried over sodium 
sulfate, filtered and concentrated under reduced pressure, the residue was subjected to a column chromatography 
on a silica gel (hexane/ethyl acetate/triethylamine 25:26:1 followed by ethyl acetate/triethylamine 60:1 ) and crystallized 
from hexane-ethyl acetate to obtain the title compound (31 mg, yield: 14%). 
Melting point: 210-230 *C. 

1H NMR (CX^Cy 6 1 .28 (6H. s), 1 .32 (6H, s), 2.13 (2H, s), 2.77 {2H, s), 4.84 (2H, s). 7.34-7.44 (5H, m). 
EXAMPLE 247 

1-(2-Bromophenyl)-3,4.8,9-tetrahydro-6-methoxy-3.3.8,8-tetramethylfuro[2.3-hlisoquinoline hydrochloride 

[0969] While cooling in ice, cone, sulfuric acid (2.52 mL, 47.3 mmol) was added to a solution of 2-bromoben2onitrile 
(3.92 g. 21 .5 mmol) in toluene (1 2 mL) and acetic acid (1 2 mL). And then, a solution of 2,3-dihydro-7-methoxy-2,2-dime- 
thyI-5-(2-methyl-1 -propenyl)benzof uran (5.00 g, 21 .5 mmol) in toluene (1 2 mL) was added thereto and the mixture was 
stirred at 80 °C for 1 hour. Ice water was poured into the reaction mixture, and the aqueous layer was separated and 
neutralized with cone, aqueous ammonia and extracted twice with ethyl acetate. The combined organic layer was 
washed with water and brine, dried over sodium sulfate, filtered and concentrated under reduced pressure. The residue 
was subjected to a column chromatography on a basic silica gel (hexane/ethyl acetate 20:1 followed by 1 0: 1 ) to obtain 
a free base of the title compound. 

NMR (CDCy 6 1 .23 (3H, s). 1 .29 (3H,s), 1 .33 (3H, s), 1 .38 (3H, s), 2.00 (1 H. d, J = 16.1 Hz), 2.1 7 (1 H, d, J = 1 6.1 
Hz), 2.68 (IN, d, J = 15.7 Hz), 2.80 (1H, d. J = 15.7 Hz), 3.91 (3H, s), 6.60 (1H, s), 7.17-7.42 (3H, m), 7.56 (1H, d, J 
= 8.0 Hz). 

[0970] This was dissolved in ethyl acetate, combined with 4 M hydrogen chloride/ethyl acetate solution and concen- 
trated under reduced pressure to obtain the title compound (3.27 g, yield: 34%). 
Amorphous. 

NMR (DMSO-dg) 5 1.21 (3H, s), 1.24 (3H, s). 1 .47 (3H, s), 1.50 (3H, s), 1.99 (1H, d, J = 16.4 Hz), 2.12 (1H, d. J = 
16.4 Hz),3.11 (1H, d, J= 17.2 Hz), 3.29 (1H, d, J = 17.2 Hz), 3.95 (3H, s). 7.14 (1H, s). 7.56-7.68 (3H, m), 7.89-7.93 
(1H. m). 

EXAMPLE 248 

1-[3-(2-Furanyl)phenyl]-3,4.8,9-tetrahydro-6-methoxy-3,3,8,8-tetramethylfuro[2,3-h]isoquinoline 

[0971] Dlchlorobis(triphenylphosphine)palladium(ll) (53 mg, 0.0750 mmol) and copper (I) iodide (14 mg. 0.0750 
mmol) were added to a suspension of 1-(3-brDmophenyl)-3,4,8,9-tetrahydro-6-methoxy-3,3.8,8-tetramethylfuro[2,3-h] 
isoquinoline (622 mg. 1.50 mmol) and tributyl-2-furanyltin (590 mg. 1.65 mmol) in tetrahydrofuran (6 mL) and the 
mixture was heated under reflux for 24 hours, and tributyl-2-furanyltin (590 mg, 1 .65 mmol) was added thereto and the 
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/; ■;■ mixture was heated under reflux for 15 hours. The insolubles were filtered off and the filtrate was concentrated under 

\^ , ■ reduced pressure. The residue was subjected to a column chromatography on a basic silica gel (hexane/ethyl acetate 

100:1 followed by 10:1) and oystallized from diethyl ether-hexane to obtain the title compound (114 mg yield- 19%) 
Melting point: 126-128 °C. »• * • /• 

5 1H NMR (CDCy S 1.27 (6H, s). 1 .30 (6H. s). 2.27 (2H, s). 2.71 (2H. s). 3.93 (3H. s). 6.46-6.49 (1H. m) 6 63 (1H s) 
6.68 (Ihi.d. J = 3.4 Hz). 7.31 -7.47 (3H,m). 7.69-7,74 (2H.m). i.o.ooun.s,, 
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EXAMPLE 249 

3.43.9Tetrahydro-6-methoxy-3,3.8.8-tetiBmethyl-H4-(2i)yridi^^ 

[0972]> The*tit<e compotmd^was'obtainec^fforw 1 ^4^bfGmophenylh3^4t8«94etrah^^e<^ 
furo[2,3-h]isoquinolme and tributyl-2-pyridinyltin by the method similar to that in EXAMPLE 248 Yield- 50% 
Melting point: 127-129 ^'C (hexane). 

1H NMR (CDCI3) 6 1 .26 (6H. s), 1 .30 (6H, s). 2.32 (2H. s), 2.70 {2H. s). 3.93 (3H. s), 6.62 (1H, s). 7.22-7 30 (1H m) 
7.52 {2H. d. J = 8.4 Hz), 7.76-7.79 {2H. m). 8.04 (2H. d, J = 8,4 Hz), 8.72 (1H. d. J Z 4.8 hi). 

EXAMPLE 250 

3,4,8,9Tetrahydro-6-methoxy-3,3.8,8-tetramethyl-H2-(2-pyridinyl)phenyn^^ 

[0973] The title compound was obtained from 1 -(2-bromophenyl)-3.4.8,9-tetrahydro-6-methoxy-3,3,8,8-tetramethyl- 
furo[2,3-h]isoquinolme and tributyl-2-pyridinyltin by the method similar to that In EXAMPLE 248 Yield- 9 5% 
Melting point: 120-122 ^'C {hexane-diethyl ether). 

1H NMR (CDCI3) S 1 .13 (3H. s). 1 .17 (3H, s). 1 .25 (3H. s), 1.28 (3H. s), 1 .98 (1H. d, J = 16.2 Hz), 2.42 (1H, d, J 16 2 
Hz), 2.64 (2H, s). 3.85 (3H. s). 6.45 (1H, s). 6,99-7,06 (1H, m), 7.35-7.50 (5H, m). 7,65-7.70 (1 H, m). 8.41-8,44 (IH, m). 

EXAMPLE 251 

3,4,8.9-Tetfahydro-6-methoxy-3.3,8.8-tetramethyl-H3-(2-pyridinyl)phenyl]furo[2.3-h)is 

P974] The title compound was obtained from tributyl-2-pyridinyltin by the method similar to that in EXAMPLE 248 
Yield: 60%. 

Melting point: 137-139 X (diethyl ether-hexane). 

(12H. s), 2.28 (2H, s). 2.71 (2H, s), 3.93 (3H. s). 6.63 (IH, s). 7.20-7.25 (IH. m). 7,42-7.55 
(2H. m). 7.74-7.77 (2H, m), 8.03-8.07 (2H, m), 8.69 (1 H, d, J = 5.0 Hz), 

EXAMPLE 252 

3,4.8.9-Tetrahydro-6-methoxy-3.3,8,8-tetramethyl-1-[3-(2-thienyl)phenyl]furo[2,3-hlisoqul^ 

(09751 The title compound was obtained from tributyl-2-thienyltin by the method similar to that in EXAMPLE 248 
Yield; 37%. 

Melting point: 1 72-1 75 °C (diethyl ether-hexane). 

TJlTISS'^^V. f '-^^ 2-^2 (2H. S). 3.94 {3H. s). 6.63 (IH. s), 7.06-7.10 (IH, m), 

7.29-7.44 (4H, m), 7.62-7.69 (2H, m). ^ ■ /. 

EXAMPLE 253 

3.4.8,9-Tetrahydro-6-methoxy-3.3.8.8-tetramethyl-1-{3-(S-pyrimidinyl)phenylIfuro[2,3-h]isoquinoline 

[09761 Sodium (431 mg, 18.8 mmol) was added to a solution of naphthalene (2.20 g, 1 7.1 mmol) in 1 2-dlmethox- 
yethane (20 mL) and the mixture was stirred at room temperature for 1 .5 hours. While cooling in ice, chlorotrimethyltin 
(2.91 g. 1 4.6 mmol) was added to the mixture and after 1 0 minutes. 5-bromopyrimidine (2.0 g. 1 2.6 mmol) was added 
thereto and the mixture was stirred at room temperature for 2 houre. 1 ,2-Oimethoxyethane was distilled off under 
reduced pressure, and water was poured into the residue, and the mixture was extracted twice with diethyl ether The 
combined organic layer was washed twice with water and then with brine, dried over sodium sulfate, filtered concen- 
trated under reduced pressure to obtain a mixture of trimethyl-5-pyrimfdinyftin, naphthalene and 5-bromopyrimidine 
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[0977] This mixture was used to obtain the title compound by the method similar to that in EXAMPLE 248. Yield: 
32%. Melting point: 1 41 -1 43 (diethyl ether-hexane). 

1H NMR (CDCI3) 5 1 .28 {6H. s). 1 .31 (6H, s). 2.25 {2H, s). 2.73 (2H. s). 3.94 (3H. s). 6.64 (1 H. s). 7.46-7.67 (4H m) 
8.99 (2H.S). 9.22(1 H,s). 

EXAMPLE 254 

3,4,8,9-Tetrahydro-6-methoxy-3,3,8,8-tetramethyl-H2-(4-pyridlnyf)phenylJfuro[2,3-hp^^ 

[0978] A solution of sodium carbonate (236 mg, 2.23 mmol) in water (2 mL) and tetrakis(triphenylphosphine)palla- 
dium(O) (66 mg, 0.0567 mmol) were added to a solution of 1 -(2-bromophenyl)-3,4,8,9-tetfahydro-6-methoxy-3,3,8,8-te- 
ti^ethylfuro[2,3-h]isoquinorine(55&mgi :t.3& mnrot)' afTd^4^ 

oxyethane (6 mL) and ethanol (2 mL) and the mixture was stin-ed at 80 *»C for 24 hours under nitrogen atmosphere. 
Water was poured Into the reaction mixture, which was extracted twice with ethyl acetate. The combined organic layer 
was washed with brine, dried over sodium sulfate, filtered, and concentrated under reduced pressure. The residue was 
subjected to a column chromatography on a basic silica gel (hexane/ethyl acetate 20:1 followed by 3: 1 ) and crystaUized 
from diethyl ettier-hexane to obtain the title compound (200 mg, yield: 36%). 
Melting point: 187-189 *C. 

NMR (CDCI3) 6 1.09 (3H, s), 1.25 (3H. s), 1.28 (6H. s), 1.94 (1H, d, J = 16.3 Hz), 2.13 (1H, d, J = 16.3 Hz). 2 60 
(2H, s). 3.84 (3H. s), 6.44 (1 H, s). 7.24 (2H. d. J = 6.2 Hz). 7.36-7.52 (4H, m). 8.44 (2H, d, J = 6.2 Hz). 

EXAMPLE 255 

3,4,8,9-Tetrahydro-6-methoxy-3,3,8.8-tetramethyl-H4-(4-pyridinyl)phenylJfuro[2.3-h]i^^ dihydrochloride 

[0979] By the method similar to that in EXAMPLE 254 and starting from 1-(4-bromophenyi)-3.4,8.9-tGtrahydro- 
6-methoxy-3,3,8,8-tetramethylfuro[2.3-h]isoqulnoIlne, a free base of the title compound was obtained. This was dis- 
solved in ettiyl acetate, combined with 4 M hydrogen chloride/etfiyl acetate solution, concentrated under reduced pres- 
sure and ciystalllzed from ethanol-ethyl acetate to obtain the title compound. Yield: 51%. 
Melting point: 115-117 ^C, 

1H NMR (DMSO-dg) 5 1.23 (6H. s). 1.48 (6H. s), 2.70 (2H. s), 3.19 {2H, s), 3.96 (3H. s), 7.13 (1H. s), 7.86 (2H, d. J = 
8.4 Hz). 8.27 (2H, d. J = 8.4 Hz). 8.35 (2H. d. J = 6.6 Hz). 8.96 (2H, d. J = 6.6 Hz). 

EXAMPLE 256 

3,4.8,9Tetrahydro-6-methoxy-3,3,8,8-tetramethyl-1-[3-(3-pyridinyl)phenylJfuro(2,3-h]isoquinolinS 

[0980] The title compound was obtained from 1 -(3-bromophenyl)-3,4,8,9-tetrahydro-6-methoxy-3,3,8,8-tetramethyl- 
furo(2,3-h]isoquinoline and 3-(diethylboryl)pyridine by the method similar to that in EXAMPLE 254. Yield: 70%. 
Melting point: 1 1 6-1 1 7 °C (hexane-diethyl ether). 

iH NMR (CDCI3) 6 1.27 (6H, s), 1.30 (6H. s). 2.25 (2H. s). 2.72 (2H, s). 3.93 (3H, s), 6.63 (1H, s), 7.33-7.63 (6H. m). 
7.85-7.93 (1H, m), 8.58-8.61 (1H, m), 8.87 (1H. d. J = 2.6 Hz). 

EXAMPLE 257 

3.4,8,9-Tetrahydro-6-methoxy-3,3,8,8-tetramethyl-H4-(3-pyridinyl)phenyl]furo[2,3-h]lsoqulnoline dihydrochloride 

[0981] By the method similar to that in EXAMPLE 254 and starting from 1-(4-bromophenyl)-3,4,8,9-tetfahydro- 
6-methoxy-3,3,8,8-tetramethylfuro[2,3-hlisoquinoline and 3-(diethylbofyl)pyridine, a free base ot the title compound 
was obtained. This was dissolved in ethyl acetate, combined with 4 M hydrogen chloride/ethyl acetate solution, con- 
centrated under reduced pressure to obtain the title compound. Yield: 84%. 
Amorphous. 

1H NMR (DMSO^) 5 1.22 (6H. s), 1.48 (6H, s), 2.29 (2H, s), 3.19 (2H. s). 3.95 (3H, s). 7.13 (1H, s). 7.82 (2H. d. J = 
8,4 Hz). 7.92-7.99 (1H. in). 8.16 (2H. d, J = 8.4 Hz). 8.74 (1H. d, J = 7.8 Hz). 8.87 (1H. d, J = 5.0 Hz). 9.31 (1H. s). 
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EXAMPLE 258 

1^3-(Benzofuran-2-yl)phenyG-3,4.8..94etrahydro-6^nethoxy-3.3.8.8^etramethylfuro[2.3^^ 

P^^l u?® ''^'^ co^iPOund was obtained from 1 -(3-broniophenyl)-3,4.8,9-tetrahydro-6-methoxy-3.3.8.8-tetramethyl- 
\ furo[2.3;-h]isoquinoline and 2-ben2ofuranylboronic acid by the method similar to that in EXAMPLE 254 Yield- 74% 
y Melting point: 160-161 °C(hexane-diethyl ether). 

10 

EXAMPLE 259 

3'-(3.4,8.9-Tetrahydro-6-methoxy-3.3,8.8-tetramethylfuro[2.3-hlisoquinolin-1 -yl)[1 .1 ■-biphenylH-amine 

ts [0983] -me title compound was obtained from 1 -(3-bromopheny[)-3.4.8.9-tetrahydrD-6-methoxy-3.3.8.8-tetramethyl- 
turo[2,3-h]isoquinoline and 4-(1,3,2-dioxaborynan-2-yl)aniline by the method similar to that In EXAMPLE 254 Yield- 
49%. 

Melting point: 224-225 "C (ethyl acetate). 

^ ^^^2 ^ ' ' 2-^^ (2"' 2-^° s). 3.72 (2H. br s). 3.93 (3H, s). 6.62 (1H. s). 6.74 

20 (2H, d, J = 8.8 Hz), 7.30-7.57 (4H, m), 7.43 (2Kd. J = 8.8 Hz). 

EXAMPLE 260 

N-{3'-(3.4.8,9-Tetrahydro-6-methoxy-3,3,8,8-tetramethylfuro[2.3-hlisoquinolin-1 -yl)[1 ,1 •-biphenylJ-4-ylJacetamide 

[0984] The title compound was obtained from 3"-(3.4.8.9-tetrahydro.e-methoxy-3.3.8.8-tetramethylfuro[2,3-hlisoqui- 
nolin-1 -yl)(l ,1 -biphenyl|-4-amine by the method similar to that in EXAMPLE 30 Yield 82% 
Melting point: 224-225 °C (diethyl ether-hexane). 

30 Iml^ ^ ' '^^ ^"■'^ ^ ^-^^ ^-^^ ^-^2 (1 H, s), 7.32-7.60 

EXAMPLE 261 

N-[3'-{3,4,8,9-tetrahydro-6-methoxy-3.3,8.8-tetramethylfuro[2.3-h]isoquinolin-1 -yl)f 1 , 1 ■-biphenvll-4-vll 
35 methanesulfonamide / j / j 

I^®""®f'"P<^"<*'«'^°«'t«'"e<*^'«m3^(3,4,8.9-tetrahydro-6-methoxy-3.3.8.W^^ 
nohn-1 -yO(1 .1 -biphenyl]-4-amine and methanesulfonyl chloride by the method similar to that in EXAMPLE 222. Yield- 

81 A>. ' 

*> Melting point: 228-230 "C (diethyl ether-hexane). 

IN NMR (CDCy 5 1 .30 (1 2H. s). 2.25 (2H. s). 2.73 (2H. s). 2.89 (3H. s), 3.93 (3H. s). 6.63 (1 H, s). 7.22-7.57 (8H. m). 

EXAMPLE 262 

dinydrochloride >- ^ i 

[0986] By the method similar to that in EXAMPLE 254 and starting from 1-(3-bromophenyl)-3.4.8.9-tetiahydro- 
6-methoxy-3,3,8.8-tetramethylfuroI2.3-hIisoquinoline and 3-aminophenylboronic acid hydrate, a free base of the title 
^ compound was obtained. 

fi"sp'!^7n M^J'^l^^ o?,?u ' ' ^-'^ 3-^2 (2H. br s), 3.93 (3H. s). 6.62 (1H. s). 

6.K-6.70 (1H. m). 6.92 (1H, t. J = 1.8 Hz), 6.96-7.03 (1H. m). 7.20 (1H. t, J = 7.8 Hz), 7.32-7.48 (2H. m). 7.54-7.62 

\iin, in). 

« fT? V"'^ ""^^ dissolved In ethyl acetate, combined with 4 M hydrogen chloride/ethyl acetate solution and concen- 
3^ trated under reduced pressure to obtain the title compound. Yield: 86%. 
Amorphous. 
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EXAMPLE 263 

N^3'-{3,4,8,9-Tetrahydro-6-methoxy-3,3,8,84etramethy!furo[2,3-h]isoqum 

[0988] The title compound was obtained from 3'-(3,4.8,9-tetrahydro-6-nnethoxy-3,3,8,8-tetramethyifuro[2,3-h]isoquh 
nolin^l -yl)[1 ,1 •-biphenyll-3-annine by the method similar to that in EXAMPLE 30. Yield: 64%. 
Melting-point: 217-218 ''C (ethanol). 

1H NMR (CDCI3) 6 1 .26 (6H, s). 1 .30 (6H. s), 2,1 7 (3H, s). 2.25 (2H, s), 2.70 (2H. s), 3.93 (3H, s). 6.62 (1 H. s), 7.32-7.66 
(9H. m). 

(Altemative synthetic method) 

[0989] The title compound was obtained from 1 -{3-bromophenyl)-3,4,8,9-tetrahydro-6-methoxy-3.3,8,8-tetramethyl- 
furo[2,3-h]isoquinoline and 3-acetamidoben2enboronic add by the method similar to that in EXAMPLE 254. Yield: 87%. 

EXAMPLE 264 

2-Methyl-N-[3'-(3A8,94etrahydro-6-methoxy-3,3,8,84etramethylfuro[2,3-h]isoqulnolin-1-^^ 
alanine ethyl ester hydrochloride 

[0990] By the method similar to that In EXAMPLE 209 and starting from 3*-(3,4,8,9-tetrahydro-6-methoxy-3,3.8,8-te- 
tramethyifuro[2,3-hlisoquinolin-1 -yl)[1 ,1 '-biphenylJ-S-amine and ethyl 2-bromoisobutyrate, a free base of the title com- 
pound was obtained. This was dissolved In ethyl acetate, combined with 4 M hydrogen chloride/ethyl acetate solution, 
concentrated under reduced pressure to obtain the title compound. Yield: 62%, 
Amorphous. 

NMR (DMSO-dg) 5 1.07 {3H, t. J = 7.0 Hz), 1.21 (6H. s), 1,48 (12H, s). 2.15-2.32 {2H. m). 3.19 (2H, s), 3.96 (3H, 
s), 4.07 (2H. q, J = 7.2 Hz), 6.50-7.92 (9H. m). 12.68 (IN, br s). 

EXAMPLE 265 

N-[3'-(3,4.8.9Tetrahydro-6-methoxy-3,3,8.8-tetramethylfuro[2.3-h]isoquinolln-1-yl)[1 J'-biphenyl]-^ 
hydrochloride 

[0991] By the method similar to that in EXAMPLE 227 and starting from 3'-(3,4,8,9-tetrahydro-6-methoxy-3,3,8,8-te- 
tramethylfuro[2,3-h]isoquinolin-1-yl)[1,1'-biphenyl]-3-amine, a free base of the title compound was obtained. This was 
dissolved in ethyl acetate, combined with 4 M hydrogen chloride/ethyl acetate solution, concentrated under reduced 
pressure to obtain the title compound. Yield: 76%. 
Amorphous. 

1H NMR (DMSO-dfi) 5 1.21 (6H, s), 1.47 (6H, s). 2.27 (2H, s), 3.19 (2H, s), 3.95 (3H. s), 6.00 (2H. br s), 7.12 (1H, s), 
7.31-7.98 (8H, m), 8.92 (1H, s). 12.63 (1H. br s). 

EXAMPLE 266 

2,2,2-Trifluoro-N-[3'-{3,4,8,9-tetrahydro-6HTiethoxy-3,3,8,8-tetramethylfuro[2,34i]isoquinolin-1-yl)^ ,r-blphenyl]-3-yl] 
acetamide 

[0992] The title compound was obtained from 3*-(3,4,8,9-tetrahydro-6-methoxy-3,3,8.8-tetramethylfuro[2,3-h]isoqui- 
nolin-1-yl)[1.1*-biphenyll-3-amine and trifluoroacetic anhydride by the method similar to that in EXAMPLE 222. Yield: 
58%. 

Melting point: 222-224 *'C (diethyl ether). 

^H NMR (CDCI3) 6 1.26 (6H, s). 1 .29 (6H, s). 2.23 (2H, s), 2.68 (2H, s). 3.93 (3H. s), 6.62 (1H, s). 7.34-7.69 (8H, m), 
8.67 (IH. brs). 
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EXAMPLE 267 

N^3*-(3.4.8.9Tetrahydro-6-methoxy-33.8,84etramethylfuro[2.3-h]isoqulnolin-^ 
methanesulfonamide 



5 



\ [0993] . The title compound was obtained from 3'-(3.4.8.9-tetrahydro-6-methoxy-3,3,8.8-tetramethylfuro[2,3-h]isoqui- 
\ nolin-1 -yl)[1 .r-biphenyll-3-anrjine and methanesulfonyl chloride by the method similar to that in EXAMPLe'222 Yield 
54%. 

Melting point: 141-143 "C (diethyl ether-ethyl acetate). 
10 1H NMR (CDCI3) 5 1 .30 (12H, s). 2.24 (2H. s). 2.73 (2H. s), 2.98 (3H. s). 3.94 (3H. s), 6.64 (1 H, s), 7.36-7.66 (8H. m). 

&XAMPL&268- 

N-MethyI-N-[3'-(3,4.8,9-tetrahydro-6-methoxy-3.3.8,8-tetramethylfuro(2.3-h]isoquinorin-1-yl)[1^ 
15 methanesulfonamide hydrochloride 

[0994] By the method similar to that in EXAMPLE 190 and starting from N-[3'-{3.4,8,9-tetrahydro-6-methoxy- 
3,3.8.8-tetramethylfuro[2.3-h]lsoqulnolin-1-yl)[l,r-bfphenyl]-3-yl]methanesulfonamide and iodomethane a free base 
of the title compound was obtained. This was dissolved in ethyl acetate, combined with 4 M hydrogen chloride/ethyl 
acetate solution, concentrated under reduced pressure to obtain the title compound. Yield: 85%. 
Amoq^hous. 

1H NMR (DMSOKle) 6 1.21 (3H. s), 1.25 (3H. s), 1.45 (3H, s). 1.51 (3H, s), 2.18-2.37 (2H. m), 2.89 (3H. s). 3 07-3 29 
{2H. m). 3.32 (3H. s). 3.95 (3H. s). 7.12 (1H. s), 7.48-7.62 (3H, m), 7.74-7.83 (3H. m). 8.00 (1H. s), 8.08 (1H, d, J = 
7.8 Hz). t 

EXAMPLE 269 

a.a-Dimethyl-4-(3,4,8>tetrahydro-6HTiethoxy-3.3,8.84Gtrame%lfuro[2.34ilisoquinolln 

10995] While cooling in Ice, sodium hydride (66% dispersion in oil) (4.33 g. 119 mmol) was added to a solution of 
4-cyanoben2eneacetonitrile (7.70 g, 54.2 mmol) in N,N-dimethylfomiamide (68 mL) and the mixture was stirred at 
room temperature for 15 minutes. While cooling in ice. iodomethane (7.43 mL. 119 mmol) was added to the mixture 
and the mixture was stirred at room temperature for 2 hours. The reaction mixture was poured into ice water and 
extracted twice with ethyl acetate. The combined organic layer was washed with water (twice) and brine dried'over 
magnesium sulfate, filtered and concentrated under reduced pressure. The residue was subjected to a column chro- 
matography on a silica gel (hexane/ethyl acetate 5:1) and the resultant crystals were washed wrtth hexane to obtain 
4-cyano-a,a-dimethytoen2eneacetonitrile (4.76 g, yield: 52%) 
1H NMR (CDCy 5 1.75 (6H. s), 7.61 (2H. d, J = 8.6 Hz), 7.71 (2H, d. J = 8.6 Hz). 

[0996] Using this and by the method similar to that in EXAMPLE 1 7, the title compound was obtained Yield- 7 8% 
Melting point: 122-123 "C (diisopropyl ether-hexane). 

NMR (CDCy 8 1.25 (6H, s). 1.33 (6H. s). 1 .74 {6H. s). 2.22 (2H. s). 2.69 (2H. s). 3.93 (3H. s). 6.62 (1H. s), 7.43 
(2H.d,J = 8.8Hz),7.50(2H.d.J = 8.8H2). 

EXAMPLE 270 

a.a-Dimethyl-4-(3.4,8.9-tetrahydro-6<nethoxy-3.3.8.8-tetramethylfuro[2.3-hjisoquir)olin-1-yl)benzeneacetamide 

[0997] After separating a nitrile form by a column chromatography in EXAMPLE 269 followed by elution with ethyl 
acetate, the resultant ciystals were washed with diisopropyl ether to obtain the title compound Yield- 9 6% 
50 Melting point: 180-182 "C. 

NMR (CDCI3) 5 1 .25 (6H, s). 1 .31 (6H. s), 1 .62 (6H. s). 2.21 (2H, s), 2.69 (2H. s). 3.93 (3H. s), 5.1 7 (2H. br s). 6.62 
(1H, s), 7.42 (4H, s). 
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EXAMPLE 271 

a,a-Dimethyl-4-(3,4,8.9-tetrahydro-6HTiethoxy-3,3,83-tetramethyifuro[2,3 
ester 

(0998] ^ The title compound was obtained from a.a-Dlmethyl-4-(3,4,8,9-tetrahydro-6-methoxy-3,3,8,8-tetramethylf uro 
[2.3-hJisbquinolin-1 -yObenzeneacetonitrlle by the method similar to that in EXAMPLE 241 . Yield: 43%. 
' Melting point: 150-151 *C (hexane), 
1 H NMR {CDCI3) 51.16 (3H. t, J = 7.0 Hz), 1 .24 (6H. s). 1 .30 (6H, s). 1 .57 (6H, s), 2.19 (2H. s), 2.68 (2H. s), 3.92 (3H, 
S). 4.10 {2H, q. J = 7.0 Hz). 6.60 (1H, s). 7.34 (4H. s). 

EXAMPLE272 

N,a,aTrimethyl-4-{3,4,8.9-tetrahydro-6-nriethoxy-3,3,8,8-tetramethylfuro[2,3-h]isoquino 

[0999] The title compound was obtained from a,a-Dimethyl-4-{3.4.8,9-tetrahydro-6-methoxy-3,3,8,8-tetramethylfuro 
(2.3-h]isoqulnolin-1-yI)benzeneacetamideand iodomethane by the method similar to that in EXAMPLE 190. Yield:31%. 
Melting point: 160-162 (hexane-diethyl ether). 

1H NMR (CDCI3) 5 1.25 (6H. s). 1.31 (6H, s), 1.60 (6H, s), 2.20 (2H, s), 2.69 (3H, d. J = 4.6 Hz), 2.69 (2H, s), 3.93 
(3H. s), 5.10 (1H, br s), 6.62 (1H, s), 7.39 (4H. s). 

EXAMPLE 273 

N^2-Methyl-2-[4-(3,4,8,94etrahydro-6-methoxy-3.3.8,8-tetramethylfuro[2,3-h]isoquinolin-1-yl)pheny 
glycine ethyl ester 

[1000] Ethyl bromoacetate (0.23 mL, 2.04 mmol) and potassium tert-butoxide (230 mg, 2.04 mmol) were added to 
a solution of a,a-dimethyl-4-(3,4.8,9-tetrahydro-6-methoxy-3,3,8,8-tetramethylfuro[2,3-h]isoquinolin-1 -yl)ben2enea- 
cetamide (782 mg. 1 .85 mmol) in N.N-dimethylfomnamide (7 mL) and the mixture was stirred at room temperature for 
2 hours. Water was poured into the reaction mixture, which was extracted twice with ethyl acetate. The combined 
organic layer was washed twice with water and with brine, dried over sodium sulfate, filtered and concentrated under 
reduced pressure. The residue was subjected to a column chromatography on a basic silica gel (hexane/ethyl acetate 
3:1 followed by ethyl acetate) and the resultant crystals were washed with diethyl ether-hexane to obtain the title 
compound (63 mg, yield: 6.7%). 
Melting point: 133-138 ^C: 

1H NMR (CDCI3) 6 1 ,24 {6H, s), 1 .26 (3H. t. J = 7.1 Hz), 1 .32 (6H. s). 1 .61 (6H. s). 2.25 (2H, s). 2:68 (2H, s). 3.92 (3H. 
s). 3.93 (2H. d, J = 5.2 Hz). 4.15 (2H. q. J = 7.1 Hz), 5.67 (1 H, br s), 6.61 (1H. s). 7.42 (4H, s). 

EXAMPLE 274 

a,a-Dimethyl-3-(3,4,8,9-tetrahydro-6H7iethoxy-3.3,8,8-tetramethylfuro[2,3-h]isoquinolin-1-yl)be 
ester hydrochloride 

[lOOIJ By the method similar to that in EXAMPLE 17 and starting from 3-cyano-a,a-dimethylben2eneacetic acid 
ethyl ester, a free base of the title compound was obtained 

^H NMR (CDCI3) 61.16 (3H. t, J = 7.0 Hz), 1.25 (6H, br s), 1.30 (6H, s), 1,55 (6H, s), 2.15 (2H. s), 2.70 (2H. s). 3.92 
(3H, s), 4.10 (2H. q, J = 7.0 Hz). 6.61 (1H. s). 7.22-7.38 (4H, m). 

[1002] This was dissolved in ethyl acetate, combined with 4 M hydrogen chloride/ethyl acetate solution, concentrated 
under reduced pressure, and crystallized from ethyl acetate to obtain the title compound. Yield: 12%. 
Melting point: 143-145 *C. 

^H NMR (DMSO-dfi) 5 1.10 {3H, t, J = 7,0 Hz), 1.21 {6H, s). 1,41 (3H. s). 1.45 (3H, s). 1,53 (6H, s), 2,10 (2H, s). 3.14 
(2H. s), 3.94 (3H, s). 4.08 {2H, q, J = 7.0 Hz), 7.09 (1H, s), 7,48-7.65 (4H, m). 
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EXAMPLE 275 

a.a-Dimethyl-3-(3.4.8.9-tetrahydro-6Hrnethoxy-3,3,8,84etramethylfuro[2^^ 
sodium salt 

\[1003] J 5 M aqueous solution of sodium hydroxide (4 mL) was added to a solution of a.a-d{methyl-3-(3 4 8 9-tetrahy- 
; dro-6-methoxy-3.3.8.84etramethylfuro[2,3-h]isoqulnoll^^ 
a,a-Diniethyl-3^3,4.8,9-tetrahydro-6-methoxy-3.3.8,8-tetramethylfuro[2,3-hJisoquino^ ethyl 
ester hydrochloride (1 .54 g. 3.1 7 mmol) in ethanol (8 mL) and the mixture was stirred at 70 for 7 hours. After distilling 
ethanol off under reduced pressure, the residue was combined with water-diethyl ether and the precipitated crystals 
were recovered by filtration to obtain the title compound (423 mg, yield: 24%). 
Meftingi30int: 153*-155P€i 

1H NMR (DMSOkIs) 5 1,13 (6H. s). 1.20 (6H. s). 1.34 (6H. s). 2.22 (2K s), 2.62 (2H. s). 3,80 (3H. s) 6 78 (1H s) 
7.12-7.41 (4H,m). \ * h y 



15 



EXAMPLE 276 

a.a-Din^thyl-3K3.4,8.9-tetrahydro-6-methoxy-3,3,8.8-tetramethylfuro[2,3-^^ 

20 [1 004] A mother liquor after filtration of the sodium salt in EXAMPLE 275 was concentrated under reduced pressure 
The residue was combined with water, adjusted at pH 5.5 with 2 M hydrochloric acid, and extracted twice with tetrahy- 
drofuran. The combined organic layer was dried over sodium sulfate, filtered and concentrated under reduced pressure 
to obtain the title compound. Yield: 49%. 
Amorphous. 

T^2 7 37^4H^i) ^'^^ ^'^ ^'"^^ ^'^"^ ^'^^ 

EXAMPLE 277 

N.a.a-Trimethy|.3-(3,43.9-tetrahydro-6-methoxy-3.3.8.8.tetramethylfuro[2 
hydrochloride 



25 



30 



[1005] The title compound was obtained from a,a-dimethyl-3-(3,4.8,9-tetrahydro-6-methoxy-3,3.8,8-tetramethylfuro 
[2.3-h]isoquinolin-1 -yl)benzeneacetic acid by the method similar to that in EXAMPLE 206, Yield: 55% 
35 Amorphous. 

1H NMR (DMSO-dg) 6 1.22-1.50 (18H. m), 2.02-2.24 {2H, m). 2.55 (3H. d, J = 4.4 Hz), 2.97-3.40 (2H, m). 3.94 (3H 
s), 7.09 (1 H. s). 7.45-7.69 (4H, m), 8.06 (1 H, br s). 

EXAMPLE 278 

40 

a,a-Dimethyl-N-(4-pyridinylmethyl)^-(3,4,8.9-tetrahydro-6-methoxy-3,3,8.8-tetiBme 
benzeneacetamide dihydrochlorkJe 

(1 006] The title compound was obtained from a.a-dimethyl-3-(3.4.8,9-tetrahydro-6-methoxy-3.3.8,8-tetfamethylfuro 
[2.3-hlisoquinonn-1 -yObenzeneacetic acid and 4.(aminomethyl)pyridine by the method similar to that in EXAMPLE 206 
Yield: 49%. 

Amorphous. 

NMR (DMSO-dg) 6 1.17 (6H. s), 1.45 (6H, s), 1.60 (6H, s), 2.05-2.25 {2H, m). 3.05-3.30 (2H m), 3.95 (3H s) 
^ 4.33-4.50 (2H, m), 7.10 (IH. s), 7.49-7.69 (7H, m), 8.48-8.58 (1H. m). 8.68-8.71 (2H. m). 9.05 (1H, br s). 

EXAMPLE 279 

1-[4-{Bromomethyl)phenylh3,4.8,9-tetrahydro-6-methoxy.3.3,8,8.tetramethylfuro[2,3-h]isoquinolih0' 

55 £1007] The titlecompound was obtained from 4^anobenzyl bromide by the method similar to that in EXAMPLE 1 7 
Yield: 27%. 
Amorphous. 

NMR (CDO^) 6 1 .24 (6H, s). 1 .32 (6H. s). 2.21 (2H. s). 2.68 (2H. s). 3.92 (3H. s). 4.53 (2H, s). 6.60 (1 H. s). 7.34-7.42 
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(4H. m). 



EXAMPLE 280 



5 4-(3,4.8,9-Tetrahydro-6-methoxy-3,3,8,8-tetramethylfuro[2.3-^ 

[1008] .' The title compound was obtained from H4-(bromomethyl)phenyl]-3,4.8,9-tetrahydro-6-methoxy-3,3,8,8-te- 
* tramethylfuro[2,3-hlisoquinoline by the method similar to that in EXAMPLE 240. Yield: 13%. 
Melting point: 182-184 *'C (hexane-diethyl ether). 
10 1H NMR (CDCI3) 6 1 .24 (6H. s), 1 .33 (6H, s), 251 (2H. s). 2.69 (2H, s). 3.80 {2H. s). 3.93 (3H, s), 6.62 (1 H, s), 7.36 
(2H, d. J = 8.3 Hz). 8.44 (2H, d, J = 8.3 Hz). 



EXAMPLE 281 



15 4-{3.4.8,9-Tetrahydro-6-methoxy-3,3,8,8-tetramethylf uro(2,3-hlisoquinolin-1 -yl)benzeneacetlc acid ethyl ester 
hydrochloride 

[1009] Whilecooling in ice, cone, sulfuric add (0.18 mL, 3.58 nvnoQ was added to a solution of 4-(3.4.8,9-tetrahydro- 
6-methoxy-3,3,8,8-tetramethylfuro[2,3-h]isoquinolin-1-yl)benzeneacetonitrile (671 mg, 1.79 mmol) in ethanol (7 mL) 

20 and the mixture was heated under reflux for 24 hours. Ice water was poured into the reaction mixture, which was 
washed with diisopropyl ether and the aqueous layer was neutralized with cone, aqueous ammonia, and extracted 
twice with ethyl acetate. The combined organic layer was washed with water and brine, dried over sodium sulfate, 
filtered and concentrated under reduced pressure. The residue was subjected to a column chromatography on a basic 
sifica gel (hexane/ethyl acetate 10:1 followed by 5:1) followed by a column chromatography on a silica gel (hexane/ 

25 ethyl acetate 3:1 ) to obtain a free base of the title compound. This was dissolved in ethyl acetate, combined with 4 M 
hydrogen chloride/ethyl acetate solution, concentrated under reduced pressure and crystallized from ethyl acetate- 
ethanol to obtain the title compound (406 mg, yield: 50%). 
Melting point: 104-106 ^'C. 

1H NMR (DMSO-dfi) 5 1.19 (3H. I, J = 7.2 Hz). 1.22 (6H. s). 1.44 (6H, s). 2.20 (2H. s), 3.16 (2H. s). 3.86 (2H s) 3 94 
30 (3H. s). 4.10 (2H. q, J = 7.2 Hz). 7.10 (1H. s). 7.52-7.62 (4H. m). 12.60 (1H, brs). 

EXAMPLE 282 



2-[[I3-(3,4.8,94etrahydro-6-methoxy-3,3,8.84etramethylfuro[2,3-h]isoquinolin-1-yl)phenyl]a^^^^ 
35 1 ,3-propanedioic acid diethyl ester 

[1010] 2-(Chloromethylene)malonlc acid diethyl ester (1.0 g, 4.84 mmol) and triethylamine (0.72 mL, 5.18 mmol) 
were added to a solution of 3-(3,4.8.9-tetrahydro-6-methoxy-3,3,8,8-tetramethylfuro[2.3-h]isoquinolln-1-yI)ben- 
zenamine (1 .76 g, 5.03 mmol) in toluene (3.5 mL) and stin-ed at 85 for 3 hours. Water was poured into the reaction 
40 mixture, which was extracted twice with ethyl acetate. The combined organic layer was washed with brine, dried over 
sodium sulfate, filtered, and concentrated under reduced pressure. The residue was subjected to a colurnn chroma- 
tography on a basic silica gel (hexane/ethyl acetate 10:1 foflowed by 5:1) and crystallized from diethyl ether-hexane 
to obtain the title compound (906 mg, yield: 36%). 
Melting point: 115-117 'C. 

^5 1H NMR (CDCI3) 5 1.33 (12H, s), 1 .33 (3H, t. J = 7.2 Hz), 1 .38 (3H. t, J = 7.2 Hz), 2.24 (2H, s), 2.70 (2H. s) 3.93 (3H 
S). 4.25 (2H, q, J = 7.2 Hz), 4.31 (2H. q, J = 7.2 Hz), 6.62 (1H. s). 7.10-7.41 (4H, m). 8.57 (1H. d, J = 13.7 Hz). 11.09 
(1H. d. J = 13,7Hz). 

EXAMPLE 283 

so 

N-Ethyl-3-(3,4,8,9-tetrahydro-6-methoxy-3,3,8,8-tetramethylfuro[2,3-h]isoquinolin-1-yl)benzenamine 

[1011] Triethylamine (0.50 mL. 3.55 mmol) was added to a solution of 3:(3,4,8,9-tetrahydro-6-methoxy-3,3,8,8-te- 
tramethylfuro[2,3-hjisoquinonn-1-yl)benzenamine (1.21 g, 3.45 mmol) and (Z)-3Hodo-2-propenamide (654 mg,'3.32 
55 mmol) in toluene (2,5 mL) and the mixture was stirred at 60 «C for 2 hours and then at 80 for 6 hours. The reaction 
mixture was extracted with 2 M hydrochloric acid, and the aqueous layer was neutralized with cone, aqueous ammonia, 
and extracted twice with ethyl acetate. The combined organic layer was washed with brine, dried over sodium sulfate] 
filtered, and concentrated under reduced pressure. The residue was subjected to a column chromatography on a basic 
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silica gel (hexane/ethyl acetate 5:1 followed by 3:1) and crystallized from hexane to obtain the title compound (178 
mg, yield: 14%). ^ 
Melting point: 109-111 'C. 

1H NMR (CDCI3) 8 1.23 (6H. s). 1.24 (3H. t. J = 7.2 Hz). 1.32 (6H. s), 2.35 (2H. s). 2.67 (2H s) 3 16 (2H a J - 7 2 
Hz).3.66 (1H. brs), 3.91 (3H. s). 6.59 (1H. s). 6.63^.69 (3H. m). 7.11-7.19 (1H. m). ^ ^* ~ 

EXAMPIE284 

N-{3-(3.4.8,9-Tetrahydro-6-methoxy-3.3,8.8-tetramethylfuro[2.3-hJisoquinolin-1-yl)phenyl1-3-pyridinamine 

(101 2] Tris(dibenzylideneacetone)dipalladium (0) (65 mg. 0.0707 mmol) was added to a suspension of 3-(3 4 8 9-tet- 

(0.32 nr.L 3.43 mmol). sodium tert-butoxide (411 mg. 4.81 mmol) and 2,2'-bis(diphenylphosphlno)-1 .V-binaphthyl (98 
mg. 0.141 mmol) in toluene (30.5 mL) and the mixture was stirred at 110 'C for 24 hours. Water was poured into the 
reaction mixture, which was extracted twice with ethyl acetate. The combined organic layer was washed with brine 
dned over magnesium sulfate, filtered and concentrated under reduced pressure. The residue was subjected to a 
column chromatography on abasic silica gel (hexane/ethyl acetate 3:1 followed by 1 :1) and crystallized from hexane- 
diethyl ether to obtain the title compound {796 mg, yield: 54%). 
Melting point: 204-205 'C. s 

NMR (CDCI3) 6 1.24 (6H. s). 1;34 (6H. s). 2.34 (2H. s). 2.69 (2H, s), 3.92 (3H, s). 5.79 (1H. s) 6 61 (1H s) 6 97 
(1H, d. J = 7.6 Hz). 7.11-7.43 (5H. m), 8.11 (1H. dd. J = 4.8. 1.4 Hz). 8.40 (1H. d. J = 2.8 Hz) ^' 

EXAMPLE 285 

N-(3-PyridinyO-N-[3-(3.4.8.9-tetrahydro-6-methoxy-3.3.8.8-tetfamethylfuro[2.3-h]isoquinolin-1-yl)phenyllace 

.^"f ^' ^'^'^ <^ dispersion in oil) (57 mg. 1.57 mmol) was added to a solution of 

^ S"^ ?w !ff. If (513 mg 
1.20 mmol) in N.N-dimethylfomiamide (5 mL) and the mixture was stirred at room temperature for 20 minutes under 
reduced pressure. And then, while cooling in ice, acetyl chloride (0.11 mL, 150 mmol) was added thereto and the 
mixture was stirred at room temperature for 15 hours. Ice water was poured into the reaction mixture, whteh was 
extracted twice with ethyl acetate. The combined organic layer was washed with water (twice) and brine dried over 
sodiuni sulfate filtered and concentrated under reduced pressure. The residue was subjected to a column chroma- 
tography on a basic silica gel (hexane/ethyl acetate 1 :1 followed by 1 :2) to obtain a mixture of the starting material and 
thetitlecompound. This was subjectedtothesimilarreactions and work-upsandsubjectedtoacolu 
on a silica gel (hexane/ethyl acetate 3:1) and crystallized from diethyl ether to obtain the title compound (1 76 mg.Zu: 

o I /of. 

Melting point: 1 57-1 58 *C. 

8"4?S?Sf m)^ ^'^^ ^ ^-^^ ^-^^ ^•25-7-67 (6H, m). 

EXAMPLE 286 

tXStoriS^''*'^'^^^^'^''^'^'"'^"'"^*^"'^'^'^"^'®"'^''^^^''^^^^ 

[10141 By themethod similar to that in EXAMPLE 285 and using iodomethane, a free base of the Utie compound 
was obtained. Tliis was dissolved in ethyl acetate, combined with 4 M hydrogen chloride/ethyl acetate solution and 
concentrated under reduced pressure to obtain the title compound. Yield: 74%. 
Amorphous. 

7!i5'!7.86?6H^^^^^^^ " '' '^ ""^ ^ <^"' 
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EXAMPLE 287 

3-FVridinyI[3-(3,4.8.9-tetrahydro-6-methoxy-3.3.8,8-tetramethylfuro^^ 
ester dihydrochloiide 

5 

\[1015] ^By the method similar to that in EXAMPLE 190 and starting from N-[3-(3,4,8,9-tetrahydro-6-methoxy- 
• 3.3.8,8'fetramethylfuro[2,3-hlisoquinolin-1-yl)phenyl]-3-pyridinamine and ethyl chlorofomiate, a free base of the title, 
compound was obtained. This was dissolved In ethyl acetate, combined with 4 M hydrogen chloride/ethyl acetate 
solution and concentrated under reduced pressure to obtain the title compound. Yield: 29%, 
10 Amorphous. 

1H NMR (DMSO<le) 5 1.15 (3H, t. J = 7.0 Hz). 1.19 (6H, s). 1.41 (3H. s). 1.48 (3H, s). 1.98-2.28 (2H. m), 3,00-3.30 
(2Hv m); 3.93 (3H-S); 4.15 (2HvqvJ= 7-0 H2)r7.09 (1HrS)/ 
= 3.6 Hz), 8.67 {1H, d, J = 2.2 Hz), 12.79 (1H, br s). 

IS EXAMPLE 288 

NH3-Pyridinyl)-N-[3-(3,4.8.9-tetrahydro-6-niethoxy-3,3.8.8-tetramethytfuro[2,^ 

[10161 Chlorosulfonylisocyanate (0.075 mL, 0.865 mmol) was added to a solution of N-{3-(3,4,8,9-tetrahydro-6-meth- 
20 oxy-3.3,8,8-tetramethylfuro[2,3-h]isoquinclin-1-yl)phenyl]-3-pyridinamine (336 mg, 0.786 mmol) in tetrahydrofuran (3 
mL) and the mixture was stirred at room temperature for 6 hours. Acetic add (1 mL) and water (0.5 mL) were added 
to the reaction mixture and the mixture was stirred at room temperature further for 3 hours. The reaction mixture was 
neutralized with 5 M aqueous solution of sodium hydroxide and extracted twice with ethyl acetate. The combined 
organic layer was washed with brine, dried over sodium sulfate, filtered, and concentrated under reduced pressure. 
25 The residue was subjected to a column chromatography on a basic silica gel (hexane/ethyl acetate 1 :2 followed by 
ethyl acetate) and crystallized from hexane-ethyl acetate to obtain the title compound (177 mg, yield: 48%). 
Melting point: 168-169 *»C. 

1H NMR (CDCy 6 1.24 (6H, brs), 1.26 (6H. s). 2.14 (2H, s). 2.69 (2H, s), 3,91 (3H. s). 4.74 (2H, br s). 6.60 (1H. s). 
7,24-7.31 (2H, m). 7.39-7.53 (3H. m), 7.70-7.78 (1H. m). 8.40 (1H. dd, J = 4.6, 1.3 Hz). 8.49 (1H, d. J = 2.0 Hz). 

30 

EXAMPLE 289 

N-Phenyl-3-(3.4,8,9-tetrahydro-6-methoxy-3,3,8.8-tetramethylfuro[2,3-hlisoquinolin-1-yl)benzenamine 

35 [1017] Calcium carbonate (570 mg, 1 .75 mmol), palladium (II) acetate (8.4 mg, 0.0375 mmol) and 2,2'-bis(diphenyl- 
phosphino)-1,r-binaphthyl (35 mg, 0.0563 mmol) were added to a solution of 1-(3-bromophenyl)-3,4,8,9-tetrahydro- 
6-methoxy-3,3,8,8-tetramethylfuro[2,3-h]isoquinoline (51 7 mg. 1 .25 nimol) and aniline (0.04 mL, 1 .50 mmol) in toluene 
(2.5 mL) and the mixture was stin-ed at 1 00 *»C for 24 hours. Ice water was poured Into the reaction mixture, which was 
extracted twice with ethyl acetate. The combined organic layer was washed with brine, dried over sodium sulfate, 

^ filtered, and concentrated under reduced pressure. The residue was subjected to a column chromatography on a basic 
silica gel (hexane/ethyl acetate 10:1 followed by 3:1) and crystallized from diethyl ether to obtain the title compound 
(226 mg, yield: 42%). 
Melting point: 87-88 *C. 

^H NMR (CDCI3) 6 1 .24 (6H, s), 1 .34 (6H. s), 2.36 (2H, s), 2.68 (2H, s). 3.91 (3H, s), 5.74 (1 H. s). 6.59 (1 H, s), 6.89-7,30 
<s (9H,m). 

EXAMPLE 290 

N-Phenyl-N-[3-(3.4.8.9-tetrahydrD-6-methoxy-3,3,8,8-tetramethyIfuro(2,3-h]isoqulnolin-1-yl)phenyl]acetamide 
so hydrochloride 

[1018] Triethylamine (0.1 8 mL, 1 .28 mmol) and acetyl chloride (0.086 mL, 1 .22 mmoQ were added to a solution of 
Ni5henyl-3-(3,4,8,94etrahydro-6HTiethoxy-3,3,8.8-tetramethylfuro[2,3-h]isoquinolin-1-yl)ben2enam (494 mg, 1 .16 
mmol) in N,N-dimethytfomiamide (2 mL) and the mixture was stirred at room temperature for 10 hours, ice water was 
S5 poured into the reaction mixture, which was extracted twice with ethyl acetate. The combined organic layer was washed 
with brine, dried over sodium sulfate, filtered, and concentrated under reduced pressure. The residue was subjected 
to a column chromatography on a basic silica gel (hexane/ethyl acetate 3: 1 ) to obtain a free base of the title compound. 
This was dissolved in ethyl acetate, combined with 4 M hydrogen chloride/ethyl acetate solution, concentrated under 
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reduced pressure to obtain the title compound (364 mg, yield: 62%). 
Amorphous. 

1H NMR (DMSO-de) 5 1 .56 {6H, s), 1 .37 (3H. s). 1 .51 (3H, s). 1 .95 (3H, s), 2.50 {2H, s). 3.26 (2H. s). 3.93 (3H s) 7 09 
(1H,s). 7.30-7.80 (9H.m). 12.70 (IH.s). ^ » /. -"^ 

5 

EXAMPLE 291 



\ 



IS 



20 



25 



35 



40 



45 



55 



1-(3-Bromophenyl)-3,4.8,9-tetrahydro-6-methoxy-3,3,8,8-tetramethyM-furoI2.3-hJisoquinoDnolM^ 



'0 (10191 N-Bromosuccinimide (773 mg, 4.34 mmol) and 2,2'-a20bis(isobutyronitrile) (79 mg, 0 483 mmon were added 

to a solution of 1-(3-bromophenyl)-3,4.8,9-tetrahydro-6-niethoxy-3.3.8.8-tet«amethylfuro[2,3-hJisoquinoline (2 00 g 
4:83^mmol)in-eaibon'tetfachloFidei20 ink) andtheroi^ 

extracted twice with. 2 M hydrochloric acid, and the combined aqueous layer was neutralized with cone aqueous am- 
monia and extracted twice with ethyl acetate. The combined organic layer was washed with water and brine dried 
over sodium sulfate, filtered and concentrated under reduced pressure. The residue was subjected to a column chro- 
matography on a silica gel (hexane/ethyl acetate 5:1 followed by 1 :2) to obtain a free base of the title compound 
H NMR (CDCI3) 6 1 .25 (3H, s). 1 .30 (3H, s). 1 .35 (3H. s). 1.36 (3H. S). 2.26 (2H, s), 3.96 (3H. s). 4.48 (IH s) 6 96 
(1H. S), 7.22-7.39 (2H. m). 7.50-7.62 (2H, m). / v . \ n. 5;. o.ao 

[1020] This was dissolved In ethyl acetate, combined with 4 M hydrogen chloride/ethyl acetate solution and cnrstal- 
lized from ethyl acetate to obtain the title compound (630 mg, yield: 31 %). Melting point- 1 90-1 92 -C 
1H NMR (DMSO^) 8 1.24 (3H. s). 1.28 (3H, s). 1.34 (3H. s), 1.41 (3H. s). 2.26 (2H, s), 3.97 {3H. s), 4.56 (IH, brs), 
6.17 (1H,s), 7.24 (1H,s). 7.59-7.62 (2H,m). 7.95-7.99 (2H.m). \ • !• 



EXAMPLE 292 

N-[3^(3,4,8.9-Tetrahydro-4-hydroxy-6-methoxy-3,3.8,8-tetramethylfuro[2,3-h]isoquinolinr1-yl)ri,1'-biphenylI-3-vn 
acetamide " ^ ' 



[1021] Thetittecompoundwasobtainedfrom 1-(3-bromophenyl)-3,4,8.9-tetrahydro-6-methoxy-3.3.8,8-tetramethyl- 
30 4-ruro[2,3-hlisoquinolinol and S-acetamidobenzeneboronic acid by the method similar to that in EXAMPLE 254. Yield: 

64*5G. 

Amorphous. 



EXAMPLE 293 

N-{3H34.8.9-Tetrahydro-4-hydroxy-6-methoxy.3.3.8.8-tetramethylfurD[2,3-h]isoquinolin-1-yl)[1.1'-biphenyll-3-yn 
acetamide hydrochloride ^' 

"^*'^^''!^'f'"P°""'^"^s°'>ta'"edfromN-[3--(3,4,8,9-tetrahydro-4-hydroxy-6-methoxy-3,3.8, 
l2.3-hlisoquinolin-1 -yl)(1 ,1 '-biphenylj-a-yljacetamide by the method similar to that in EXAMPLE 212 Yield- 88% 
Amorphous. 

6.18 (IH, brs), 7.26 (1 H. s). 7.42-8.06 (8H, m), 10.19 (IH, s). 12.67 (IH, br s). 
EXAMPLE 294 

N-{3'-(3.4,8.9-Tetrahydro-6-methoxy-3.3,8.8-tetramethyl-4-oxofuro[2.3-h]isoquinolln-1-yl)[1.1'-biphenvll-3-vn 



5" acetamide 



[10231 Manganese dioxide (1.04 g. 12.0 mmol) was added to a solution of N-f3'-(3,4.8,9-tetrahydro-4-hydroxy- 
6-methoxy-3.3.8,8-tetramethylfuio[2,3-hlisoquinolin-1.yl)(1.1'-biphenyll-3-ynacetamide (290 mg, 0.598 mmol) in chlo- 
rofomi (5 mL) and the mbrture was stirred at room temperature for 6 hours. Inorganics were filtered off and the filtrate 
was concentrated under reduced pressure. The residue was subjected to a column chromatography on a silica qel 
(hexane/ethyl acetate 1 : 1 followed by 1 2) and ciystallized from hexane-ethyl acetate to obtain the title compound (209 
mg, yield: 72%). ^ 
Melting point: 210-212 "C. 
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1H NMR (COCI3) S 1 .34 (6H. s), 1 .56 (6H. s). 2.20 (3H, s), 2.26 (2H. s). 4.00 (3H. s). 7.27-7.69 (8H, m), 7.84 (1 H. s). 
EXAMPLE 295 

543-(3.4.8.9-Tetrahydro-6<nethoxy-3.3,8.B-teti^ethylfuro(2,3-hlisoquinolin-1-yOphOT^^ 

L [10241./ A solution of sodium cartonate (198 mg. 1 .86 mmol) in water (1 mL) and tetrakis(triphenylphospWneypalla-- 
• dium(O) (55 mg, 0.0475 mmol) were added to a solution of N-(5-bromo-2-pyridinyl)acetamlde (243 mg 1 13 mmol) 
and3-cyanophenylboronicacld(249mg.1.70mmol)in1,2-dimethoxyethane(2mL)andethanol(l mL) and the mixture 
was stirred at 80 'C for 15 hours. Water was poured into the reaction mixture, which was extracted twice with tetrahy- 
drofuran. The combined organic layer was washed with brine, dried over sodium sulfate, filtered, and concentrated 
underreduced'pressure^T^.r«suftant<Gfj«ta»9»were»wastie«*with'€l^ 

ridinyljacetamide (205 mg. yield: 77%). "ft 
t H NIWIR (CDCy 5 2.25 (3H, s). 7.54-7.92 (5H. m). 8.02 (1 H. br s), 8.32 (1 H. d. J = 8.0 Hz). 8.48 (1 H d J = 2 2 Hz) 
I102S] Using this and by the method similar to that in EXAMPLE 1 7. the title compound was obtain^' Yield- 11 % 
Melting point: 165-168 °C (diethyl ether). 

'H NMR (CDCI3) 5 1.27 (6H. s). 1 .30 (6H. s), 2.26 (2H, s), 2.72 {2H. s). 3.93 (3H. s). 4.50 (2H. s). 6.57 (1H dd J = 
8.4. 0.8 Hz). 6.63 (1H. S), 7.32-7.56 (4H. m). 7.70 (1H, dd. J = 8.4, 2.4 Hz). 8.34 (1H. d. J = 1.8 Hz). ' ' 

EXAMPLE 296 

N-[5-{3-(3,4.8,9-Tetrahydro-6-methoxy-3.3.8.B-tetramethylfuro[2.3-h]isoquinolin-1-yl)phenyO-2-pyridh^^^ 

[1026J From a mixture of 5-[3-(3.4.8.9-tetrahydro-6-methoxy-3,3,8,8-tetramethylfuro[2.3-h]isoquinolin-1 -yl)phenyn- 
2-pyndmamine obtained by the column chromatography in EXAMPLE 295 and N-{5-{3-(3.4,8.9-tetrahydro-6-methoxy- 
3.3,8.8-tetramethylfuro[2.3-h]lsoquinolin-1-yl)phenyl]-2-pyridinyl]acetamide and by the method similar to that in EX- 
AMPLE 222, the title compound was obtained. Yield: 8.9%. 
Melting point: 208-209 'C (diethyl ether). 

«H NMR (CDCy 5 157 (6H. s). 1.30 (6H. s). 2.23 (3H, s), 2.26 (2H. s). 2.72 (2H, s), 3.93 (3H, s) 6 63 (1H s) 7 25 
(1H.d.J = 8.4Hz).7.38-7.58(4H.m).7.91-7.96(2H.m).8.51(1H.d.J = 1.4Hz). ' 

EXAMPLE 297 

N-[5-£3-(3,4,8,9-Tetrahydro-6-methoxy-3,3,8.8-tetramethylfuro[2.3-h]isoquinolin-1-yl)phenyll-2-pvridinvll 
methanesulfonamide hydrochloride r j , t-j , , 

[1027] By the method similar to that in EXAMPLE 222 and starting from 5-{3-(3.4,8,9-tetrahydro-6-methoxy- 
3^3.8,8-tetramethylfuro[2.3-hJisoquinolin-1-yl)phenyl]-2-pyridinylamine and methanesulfonyl chloride, a free base of 
the title compound was obtained. This was dissolved in ethyl acetate, combined with 4 M hydrogen chloride/ethyl 
acetate solution, and concentrated under reduced pressure to obtain the title compound Yield- 54% 
Amorphous. 

1H NMR (DMSO-de) 5 1 .21 (6H, s). 1 .45 {3H, s), 1 .52 (3H. s), 2.26 (2H, s), 3.00-3.40 (5H. m), 3,95 (3H. s). 7.1 3-7.15 
(2H, m), 7.58-7.78 {2H, m), 8.02-8.52 (6H. m). 

EXAMPLE 298 

6-{Ethylthio)-3,43.9-tetrahydro-3.33,8-tetramethyl-1-phenyIfuro[2,3-hJis^ 

[1028] BythemethodsimilartothatlnEXAMPLE17andstartingfrom7-(ethyIthio)-2,3-dihydro^^ 
thy!-1-propenyl)ben20furan and benzonitrile, a free base of the title compound was obtained. This was dissolved in 
ethyl acetate, combined with 4 M hydrogen chloride/ethyl acetate solution, and concentrated under reduced pressure 
to obtain the title compound. Yield: 32%. 
Amorphous. 

1H NMR (DMSO-dg) 5 1 .23 (6H, s), 1 .32 (3H, t, J = 7,5 Hz), 1.45 (6H. s), 2.19 (2H, s). 3.12 (2H. q. J = 7 5 Hz) 3 17 
(2H.S). 7.23(1 H,s). 7.63-7.80 (5H,m). ' h - 
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EXAMPLE 299 

N-(4-Pyridinylmethyl)-4-(3.4.8,94etrahydro-6-methoxy-3.3.8.8-tetfamethylfuro(2.3-h]i^ 
benzenesulfonamide dihydrochloride 

. [1029] 4-(Aminomethyl)pyridine (851 mg. 7.87 mmol) was dissolved in pyridine (2 mL) and. whHe cooling in ice 
y 4-cyandbenzenesulfonyl chloride (1 .75 g. 8.66 mmol) was added and the mixture was stirred at room temperature for 
2 hours^The reaction mixture was combined with 2 M hydrochloric add with cooling in ice, and washed with diethyl 
ether. The aqueous layer was adjusted at pH 8 with 5 M aqueous solution of sodium hydroxide and extracted twice 
with ethyl acetate. The combined organic layer was washed with brine, dried over sodium sulfate filtered and con- 
centrated under reduced pressure. The residue was subjected to a column chromatography on a basic silic^ qel (ethvl 
acetate) to obtain 4-cyano-N-(4-pyridinylmethyl)benzenesulfonanijde(674'mt. yieW<'3^^^^^^^ 
'H NMR (CDCI3 + DMSO-ds 2 drops) 5 4.12 (2H, d. J = 5.4 Hz). 7.20 (2H. dd, J = 4.4. 1 .4 Hz) 7 74-7 80 (2H m) 
7.94-8.00 (2H.m), 8.08 (IH.brs). 8.50 (2H,dd. J =4.4. 1.8 Hz). nz,. /.bo (ZH. m), 

£11030] Using this and by the method similarto that in EXAMPLE 1 7. a free base of the title compound was obtained 
This was dissolved In ethyl acetate, combined with 4 M hydrogen chloride/ethyl acetate solution, concentrated under 
reduced pressure and cfystalllzed from ethanol-ethyl acetate to obtain the title compound. Yield- 18% 
Amorphous. 

1H NMR (DMSO^ 8 1.24 (6H. s). 1.48 (6H. s). 2.16 (2H. s). 3.19 (2H, s). 3.95 (3H. s). 4.34 (2H. d. J = 6.0 Hz), 7.12 
(1H. 8). 7.83-7.89 (4H. m). 8.08 (2H. d. J = 8.4 Hz). 8.82 (2H. d. J = 6.6 Hz). 9.07 (1 H. t. J = 6.0 Hz). 

EXAMPLE 300 

N-Methyl-4-(3.4.8.9-tetrahydro-6-methoxy-3,3.8,8-tetramethylfuro[2,3-h]isoqulnorin-1-yl)ben2enesulfonamide 

Mettiylamlne hydrochloride (1.05 g. 15.6 mmol) was dissolved in pyridine (4 mL). 4<yanoben2enesulfonyl 
chlonde (3.30 g, 1 6.4 mmol) was added thereto with cooling in Ice. and the mixture Las stirred^ room temTeratuS 
L .kT' "^"'^ combined with ice water, acidified with 1 M hydrochloric acid, and extracted twice 

with ethyl acetate. The combined organic layer was washed with water and brine, dried over magnesium sulfate filtered 
and concentrated under reduced pressure. The residue was subjected to a column chmmatography on a silica gel 
(hexane/ethyl acetate 3: 1 followed by 1 :1). and the resultant crystals were washed with diethyl ether to obtain 4-cy- 
ano-N-methylbenzenesulfonamide (1 .54 g. yield- 56%) 

ae.Ts^iiS'''^''^ * ''^^ ' ^ ''^ ° ' ^-^^ ^ * ^-^^ = 

[1032J The title compound was obtained from this by the method simflar to that in EXAMPLE 1 7 Yield- 26% 
Melting point: 146-148 °C (methanol-diethyl ether) 

1H NMR (CDCI3) 8 1 .26 (6H. s). 1 .32 (6H. s). 2.17 (2H. s). 2.65 (3H. d. J = 5.3 Hz). 2.71 (2H, s). 3.93 (3H. s). 4.43 
(1H.q.J = 5.3Hz).6.63(1H.s).7.57(2H.d.J = 8.3Hz).7.89(2H.d.J = 8.3Hz). \ • h 

EXAMPLE 301 

beit^su1fon^S7'^^"'"®*^'"^'^^^^ 

fo?M- «"e compound was obtained from N-methyl-4-(3.4.8.9-tetiahydro-6-methoxy-3.3.8.8-tetramethylfuro 
>^eld Sr'"^ ^"^ ^ ^""^ 2-bromoacetamide by the method similarto that in EXAMPLE 190. 

Melting point: 1 1 5-1 1 7 °C (ethyl acetate-diethyl ether) 

M^nTJT^TfiH'f f « '."^ (2"' 2 <3H, s), 3.63 (2H. s). 3.93 (3H. s). 5.57 

(1H. br s). 6.57 (1H. br s). 6.64 (1 H. s). 7.62 (2H, d. J = 8.4 Hz). 7.84 (2H. d. J = 8.4 Hz). 

EXAMPLE 302 

3.4.8.9-Tetrahydro-6-methoxy-3,3.8,8-tetfamethyl-1-(6-quinolinyl)furo[2.3-h]isoquinoline dihydrochloride 

Sp. t °' ""^ compound was obtained from 6-quinolinecarbonitrile by the method similar to that in 

^iwoH ! ! was dissoh^ed in ethyl acetate, combined with 4 M hydrogen chloride/ethyl acetate solution con- 
centrated under reduced pressure, and crystallized from ethanol-ethyl acetate to obtain the title compound Yield- 37% 
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Melting point: 182-184 ^C. 

1H NMR (DMSO-dg) 5 1.17 (6H. s). 1.50 (6H, s). 2.18 (2H, s). 3.05-3.35 (2H. m). 3.87 (3H, s). 7.15 (1H. s). 7.86 (1H. 
dd. J = 8.6. 4.4 Hz), 8.02 (1H. dd, J = 8.8. 1 ,8 Hz). 8.36 (1H. d. J = 8.8 Hz). 8.61 (1H. s), 8.78 (1H. d, J = 8.0 Hz) 9 21 
(IH.dd. J = 4.4. 1.4H2). 

5 

^ EXAMPLE 303 

^ 3,4,8,9Tetrahydro-6-methoxy:3,3,8,8-tetramethyl-1-(7-quinolinyl)furo[2,3-hJisoquino^ 

10 [1035] A solution of 7-quinolinecart)oxamide (1.21 g, 7.03 mmol) in chloroform (8 mL) was treated dropwise with 
phosphoms oxychloride (3.28 mL, 35.1 mmoO, and stirred at 90 ^'C for 3 hours. The reaction mixture was poured into 
ice water; neutralized with cone: aqueous ammonia^arrd^xtraGtefttwicef^with'ethyf'acetate^^^^T^ v 
was washed with water and brine, dried over sodium sulfate, and concentrated under reduced pressure to obtain 
7-quinolinecafbonitrile (984 mg, yield: 72%). 

15 1H NMR (CDCI3) 5 7.57 (1H, dd. J = 8.5. 4.1 Hz), 7.72 (IH, dd. J = 8.4, 1 .4 Hz). 7.94 (1H. d, J = 8.4 Hz), 8.20-8 27 
(1H, m), 8.60 (IH, S), 9.06 (IH, dd, J = 4.2. 1.6 Hz). 

[1036] The title compound was obtained from this by the method similar to that In EXAMPLE 28. Yield: 48%. 
Melting point: 1 72-1 74 ^^C (diethyl ether). 

NMR (CDCia) 5 1.25 (6H. s). 1.29 (6H. s), 2.19 (2H, s), 2.74 (2H. s). 3.94 (3H, s), 6.65 (IH. s). 7.43 (IH. dd. J = 
20 8,2. 4.2 Hz). 7.61 (IH. dd. J = 8.2. 1.6 Hz). 7.85 (IH, d, J = 8.4 Hz). 8.15-8.21 (2H. m), 8.95 (IH. dd. J = 4.2, 1.6 Hz). 

EXAMPLE 304 

N-Methyl-3-(3,4,8,9-tetrahydro-6-methoxy-3.3.8,8-tetramethylfuro[2.3-h]isoquinolin-1-yOben2enamlne 

25 

[1 037] The title compound was obtained from 3-(methylamino)benzonitrile by the method similar to that in EXAM PLE 
28. Yield: 22%. 

Melting point: 105-107 *»C (diethyl ether-hexane). 

IH NMR (CDCI3) 8 1.24 (6H, s). 1 .32 (6H, s), 2.35 (2H. s), 2.68 (2H. s). 2.84 (3H, s). 3.73 (IH. brs). 3.92 (3H. s), 6 59 
30 (IH, s), 6.63-6.70 {3H, m). 7.13-7.21 (IH. m). 

EXAMPLE 305 

3,4,8,9-Tetrahydro-3,3,6.8.8-pentamethyl-1-phenylfuro[2,3-h]isoquinoIine hydrochloride 

35 

[1038] Phosphorus oxychloride (1 .1 0 mL, 1 1 .8 mmol) was added to a solution of 2,3-dihydro-2,2,7-trimethyI-5-(2-me- 
thyl-1 -propenyl)benzofuran (1 .02 g, 1 .94 mmol) and benzamide (1 .14 g, 9.43 mmol) in toluene (1 0 mL) and the mixture 
was stirred at 60 for 2 hours, and then at 90 for 3 hours. The reaction mixture was poured into water, and the 
aqueous layer was separated, neutralized by 5 M aqueous solution of sodium hydroxide, and extracted twice with ethyl 

40 acetate. The combined organic layer was washed with brine, dried over magnesium sulfate, filtered and concentrated 
under reduced pressure. The residue was subjected to a column chromatography on a basic silica gel (hexane/ethyl 
acetate 100:1 followed by 10:1) to obtain a free base of the title compound. This was dissolved in hexane, combined 
with 4 M hydrogen chloride/ethyl acetate solution, and concentrated under reduced pressure to obtain the title com- 
pound (65 mg, yield: 3.9%). 

^5 Amorphous. 

IH NMR (DMSO-dg) 6 1 .23 (6H, s). 1 .43 (6H. s). 2.1 9 (2H. s). 2.21 (3H. s), 3.1 1 (2H, S). 7.1 6 (1 H, s). 7.64-7.80 (5H, m). 
EXAMPLE 306 

^ 1-(4-CyclohexylphenyI)-3,4,8,9-tetrahydro-6-methoxy-3,3,8,8-tetramethylfuro{2.3-h]isoquinoline hydros 

[1039] A free base of the title compound was obtained from 4-cyclohexylben2onitrile by the method similar to that 
in EXAMPLE 1 . This was dissolved in ethanol, combined with 3.3 M solution of hydrogen chloride/ethanol, and con- 
centrated under reduced, pressure. The resultant residue was crystallized from ethyl acetate to obtain the title com- 
55 pound. Yield: 21%. 

Melting point: 213-214 °C. 

iHNMR(CDCl3)51.23-1.54(12H,m), 1 .69-1 .96(1 OH. m). 2.54-2.68 (IH. m). 2.28 {2H, s), 3.00 (2H. s). 4.01 (3H s) 
6.74 (1 H. s). 7.39 (2H. d, J = 8.3Hz). 7.68 (2H. d, J = 8.3Hz). 
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EXAMPLE 307 

3,4,8,9Tetrahydro-6-methoxy-3.3.8;8-tet[amethyl-1-(4-phenoxyphenyl)^^ hydrochloride 

5 [1040] The title compound was obtained from 4-phenoxyben2onltrile by the method similar to that in EXAIWPLE 306 

\Yield> 19%. 
Melting'point: 198-199 °C (ethyl acetate-hexane). 

1H NMR (CDCI3) 6 1.39 (6H. s). 1.68 (6H. s), 2.40 (2H, s). 3.00 (2H. s), 4.02 (3H. s). 6,74 (1H. s). 7 12 (4H d J - 
8.7H2), 7.18-7.26 (1H. m). 7.42 (2H. t, J = 8.2Hz). 7.75 (2H, d. J = 8.7H2). ^ ' " 

10 

EXAMPLE 308 

3,4,8,9.Tetfahydro-6-methoxy-3,3.8,8-tetramethyl-1-(2-naphthy!)furo[2,3-h]isoquinoline hydrochloride 
15 [1041] The title compound was obtained from p-naphthonitrile by the method similar to that in EXAMPLE306. Yield: 

37%. 

Melting point: 1 58-1 60 °C (ethyl acetate). 

1H NMR (COCI3) 5 1.29 (6H, s), 1 .73 (6H, br S). 2.27 (2H. s). 3.05 (2H. brs). 4.03 (3H. S). 6.78 (1H, s). 7.56-7 70 f3H 
m). 7.90-8.09 (3H.m). 8.49 (1H.S). ' ° ' '"l''"' 

20 

EXAMPLE 309 

3,4.8.9-Tettahydro-6-methoxy-3.33.8-tetramethyl-1-£4-(1-piperidiny!)phenynfuro[2.3-h]isoqulnoli 

[1042] The ttle compound was obtained from 4.(1 -pperidinyl)benzonitrile by the method similar to that In EXAMPLE 

306. Yield! 1 8%. 

Melting point: 1 88-1 90 "C (ethyl acetate-hexane). 

1H NMR (COCI3) 5 1 .63 (6H. s). 1 .68 (12H. br). 2.58 (2H. s). 2.93 (2H. s). 3.42 (4H. bi). 4.00 (3H. s). 6.71 (1H. s), 6.93 
(Zrl, a, J = 8.4Hz), 7.77 (2H, d, J = 8.4Hz). 

30 

EXAMPLE 310 

p-Bis(U-dimethylethyl)-4-(3.4.8,94etrahydro-6.methoxy-3.3.8.8-tetra^ 
hydrochlonde 

35 

[1043] The title compound was obtained from 3.5-bis(1 . 1 -dimethylethyl).4.hydroxybenzonitriIe by the method similar 
to that in EXAMPLE 306. Yield: 50%. 
Melting point: 211-213 (ethyl acetate-hexane). 
^ J^NMR (CDCI3) 6 1.50 {18H, s), 1 .69 (12H. s). 2.40 (2H. s), 2.98 (2H. s). 4.02 (3H. s), 5.90 (1 H. s), 6,74 (1H. s). 7.53 

EXAMPLE 311 

fu^.^' ^ J^^ ^'"^ compound was obtained from 4-methyl-2-phenyl-1 H-imidazol-SK^arbonitrile by the method similar to 
that in EXAMPLE 306. Yield: 5%. 
Melting point: 238-240 "^C (ethyl acetate). 
50 1H NMR (CDCI3) 6 1.35 (6H, br), 1.65 (6H. br), 2.29 (1H, br). 2.63 (1H, br), 2.71 (3H. br), 3.08 (2H. br), 4.01 (3H s) 
6.70 (1H.S), 7.22 (1H,br), 7,49 (2H.br), 7.90 (2H,br). 8.39 (1H.br). ' 

EXAMPLE 312 

55 6-Methy|.3-(3.4.8.9-tetrahydro^.methoxy-3,3,8.8.tetramethylfuro[2,3-h)isoquinolin-1.^^^^^ 

hydrochloride / * / r-j 

[1045] The tiUe compound was obtained from 3-cyano-6-methyl-2{1H)^yridinone by the method similar to that in 
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EXAMPLE 306. Yield: 53%. 

Melting point: 178-180 ^'C (ethyl acetate). 

1H NMR (CDCI3) 6 1.33 (6H. s). 1.51 (6H, s), 1.62 (2H, br). 2.36 (3H. s). 2.68 (2H, br). 3.90 (3H. s). 6.06 (1H. d. J = 
7.3Hz). 6.59 (1H. s). 7.72 (1H. d. J = 73H2). 

EXAMPLE 313 

• 1-Cyclopentyl-3,4,8,9-tetrahydro-6-methoxy-3,3,8,8-tetrannethyIfuro[2.3-h]isoquinollne hydrochloride 

[1046] The title compound was obtained from cyclopentanecarbonitrile by the method similar to that In EXAMPLE 
306, Yield: 20%. 

Melting point: 197-198 {ethyl acetate): 

1 H NMR (CDCI3) 5 1 .67 (6H, s), 1 .65 (6H, s). 1 .76 (2H, br), 2.05-2.30 (4H, m). 2.44-2.57 (2H, m). 2.88 (2H, s). 3.20-3.58 
{3H. m). 4.00 (3H. s), 6.67 (1 H, s). 

EXAMPLE 314 

1-(4-Ethoxyphenyl)-3,4,8,9-tetrahydro-6-methoxy-3,3,8,8-tetramethylfuro[2,3-h]isoquinoline hydrochloride 

[1047] The title compound was obtained from 4-ethoxybenzonitrile by the method similar to that in EXAMPLE 306. 
Yield: 57%. 

Melting point: 1 58-i 60 *C (ethyl acetate). 

1H NMR (CDCI3) 5 1 .37 (6H, s), 1 .46 (3H, t, J = 7.OH2). 1 .67 {6H, s). 2.41 (2H, s), 2.99 (2H, s), 4.02 (3H. s), 4.14 (2H. 
q, J = 7.0Hz). 6.74 (1H, s). 7.04 {2H, br d. J = 6.1Hz), 7.76 (2H. br d, J = 6,1Hz). 

EXAMPLE 315 

3.4,8,9-Tetrahydro-6-methoxy-3,3,8,8-tetramethyl-1-[4-(1-methylethoxy)phenyl]furo[2,3-h]lsoquinoline hydrochloride 

[1048] The titlecompound was obtained from 4-(1 -methylethoxy)benzonitrile by the method similar to that in EXAM- 
PLE 306. Yield: 21%. 
Melting point: 130-132 (ethyl acetate), 

1H NMR (CDCI3) 6 1 .38 (6H, s), 1 .39 (6H, d, J = 4.6H2), 1 .66 (6H. s). 2.43 (2H, s), 2.97 (2H, s). 4.01 (3H, s). 4.65-4.75 
(1H. m), 6.72 (1H, s), 7.02 (2H. d. J = 8.3Hz). 776 (2H, d, J = 8.3Hz). 

EXAMPLE 316 

[4-(3,4,8,9-Tetrahydro-6-nnethoxy-3,3,8,8-tetramethylfuro[2.3-h]isoquinolin-1-yl)phenyl]methyl acetate hydrochto 

[1049] The title compound was obtained from 4-cyanobenzyl acetate by the method similar to that in E)(AMPLE 306. 
Yield: 24%. 

Melting point: 184-186 °C (ethyl acetate). 

iH NMR (CDCI3) 6 1 .35 (6H, s), 1 .68 (9H, br s), 2.30 {2H, s), 3.05 (2H, br s). 4.02 (3H, s). 4.74 (2H. s), 6.74 (1 H. s), 
7.59 (4H, br). 

EXAMPLE 317 

3,4,8.9-Tetrahydro-6-methoxy-1-[4-{2-(4;methoxyphenyl)ethoxy]phenyl]-3,3,8,8-tatramethy!furo[2,3-h]isoqui 
hydrochloride 

[1050] The title compound was obtained from 4-[2-(4-methoxyphenyl)ethoxylben2onitrile by the method similar to 
that in EXAMPLE 306. Yield: 35%. 
Melting point: 198-200 (ethyl acetate). 

NMR {CDCI3) 5 1 .37 (6H, s). 1 .66 (6H, s). 2.39 (2H. s), 2.98 (2H. s). 3.07 (2H, t. J = 70Hz), 3.81 (3H, s). 4.01 (3H. 
s). 4.23 (2H. t, J = 7.OH2), 6.72 (1 H, s). 6.88 (2H, d. J = 8.6Hz), 7.03 (2H, d. J = 8.8Hz), 7.22 (2H. d, J = 8.6H2). 7.72 
(2H. d, J = 8.8Hz). 
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EXAMPLE318 

1-Cyclohexyl-3.4.8.9-tetrahydro-6-metho)cy-3.3,8.8-tetramethyl(uro[2.3-h]isoquinolinehydr^ 

E2f '""^ cyclohexanecartjonitrile by the method similar to that in EXAIVIPLE 

. Melting point: 210-211 *C (ethyl acetate) 



EXAMPLE 319 

3.4.8,9-Tetfahydro-6-methoxy-3.3.8,8-tetfamethyl-1-(2-methylthia2ol-4-y))furo[2.3-hJisoquinoline 

" L?!? f f compound was obtained from 2-methytthiazol-4-carbonitrile by the method similar to that in EXAM- 
PLc 1 . Yield: 5%. 

Melting point: 127-128 ''C (hexane). 

1H NMR (CDCy 5 1.26 (6H. S). 1.37 (6H. S). 2.34 (2H. S). 2.70 (2H. s). 2.74 (3H. s). 3.91 (3H, S), 6.59 (1H. s). 7.37 
(in, s). 

20 

EXAMPLE 320 

1-(3-Fluorophenyl)-3.4.8.9-tetrahydro.6-methoxy-3.3.8.84etramethylfur^^ hydrochloride 

SJ°.!?U*'® ^'"^ compound was obtained from S^luorobenzonitrile by the method similar to that in EXAMPLE 306 
Yield: 47%. 

Melting point: 1 98-1 99 <»C (ethyl acetate-hexane). 

7" ^7.4/0^^^^^ ''^'^ ^•"'^ ^-^^ ''^^ ^-^2 (1H, s). 7.06-7.18 (3K m). 

30 

EXAMPLE 321 

1-(2,4-Difluorophenyl)-3,4.8.9-tetrahydro-6-methoxy-3.3.8.8-tetramethylfuro[2,3-h]fe 

E 45% ^ compound was obtained from 2.4^ifluorobenzonltrlle by the method similar to that in EXAMPLE 1 . 

Melting point: 143-144 °C (hexane). 

Hz), 2.63 (1H. d, J = 1 5.6 Hz). 2.81 (1 H, d. J = 1 5.6 Hz). 3.92 (3H. s). 6.60 (1 H, s). 6.77-7.00 (2H. m). 732-7.43 (1 H. m). 
EXAMPLE 322 



40 



1-(3,5-Difluorophenyl)-3.4.8.9-tetrahydro-6-methoxy-3,3.8.8-tetramethylfuro(2.3-hIisoqulnollne hydrochloride 
?i^^!,2%^''*'®'*'"'^""**"^°''^^'"®'^''*^3'5-difh'orobenzonw 

Melting point: 198-199 "C (ethyl acetate-hexane-diethyl ether) 

6"9379i(2H';m)* ^ '"^ ^ ^ ^'^^ ^'"^ ^-^^'^-^^ <^"- 

so 

EXAMPLE 323 

1-(2,3-Dihydro-7-methoxy.S-ben2ofuranyl)-3.4.8.94etrahydro^-methoxy^.3.8.84etramethylfuro[2.3-h]isoqum 

r^t\nEXArPL^7S:T^/r^^^^ 
Melting point: 150-151 °C (hexane). 

'H NMR (CDCI3) 8 1 .22 (6H. s). 1 .34 (6H. s). 2.35 (2H. s). 2.67 (2H. s). 3.23 (2H. U = 8.8 Hz). 3.85 (3H. s), 3.92 (3H. 
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s). 4.67 (2H. t, J = 8.8 Hz). 6.60 (1H. s). 6.75 (1H, s), 6.93 (1H. s). 
EXAMPLE 324 

N4[4-(3,4,8,9-Tetrahydro-6-methoxy-3,3,8,8-tetramethylfuro[2,3-h]isoquinolin 
methanesulfonamide hydrochloride 

• [1 057] The title compound was obtained from N-[(4-cyanophenyl)methylJmethanesulfonamide by the method similar 
to that in EXAMPLE 306, Yield: 657o. 
Melting point: 234-235 ""C (ethyl acetate). 

1H NMR (DMSO-dfi) 5 1 23 (6H, s). 1 .45 {6H, s), 2.21 (2H. s). 2.92 (3H. s). 3.1 7 (2H. s). 3.95 (3H. s). 4.33 (2H. d. J = 
3:8 Hz), 7.10 (1H, s), 7,61 (4Hi s>, 7:84 {*H. br). 

EXAMPLE 325 

3,4,8,9-Tetrahydro-6-methoxy-1 -(6-metho)cy-3-pyridjnyl)-3,3,8,8-tetramethylfuro[2,3-h]isoquinoline hydrochloride 

[1058] The title compound was obtained from 6-methoxy-3-pyridinecarbonltrile by the method similar to that in EX- 
AMPLE 306, Yield: 6%. 
Amorphous. 

1H NMR (CDCI3) 6 1.23 (6H. s), 1.35 {6H, s), 2,33 (2H, s), 2.68 (2H, s). 3,93 (3H, s), 3.98 (3H, s), 6.62 (IN, s). 6.77 
(IH, dd, J = 8.4, 0.6 Hz), 7.63 (IH. dd. J = 8.4, 2.2 Hz), 8.19 (1H, d. J = 2.2 Hz). 

EXAMPLE 326 

3,4,8,9-Tetrahydro-6-methoxy-3,3,8,84etramethyl-H3-(1-methyIethoxy)phenylJfuro[2,3-h]isoquinonne hydrochloride 

[1 059] The title compound was obtained as a main product from 3-(1 -methylethoxyjbenzonitrile by the method similar 
to that in EXAMPLE 306. Yield: 26%. 

Melting point: 1 91 -1 93 ^'C (ethyl acetate-hexane-diethyl ether). 

^H NMR (CDCI3) 5 1.24 (6H, s). 1,30-1.33 (12H. m), 2.26 (2H, s). 2.69 (2H. s), 3.92 (3H. s). 4,52-4.63 (IH. m). 6,60 
(IH, s). 6.89-6.96 (3H. m), 7.27 (IH. t. J = 7.4 Hz). 

EXAMPLE 327 

3-(3,4,8,9-Tetrahydro-6-methoxy-3,3,8,8-tetramethylfuro[2,3-h]isoquinolin-1-yl)phenol 

[1060] The title compound was obtained as a by-product in EXAMPLE 326. Yield: 1 7%. 
Melting point: 208-209 "^C (hexane). 

IH NMR (CDCI3) 6 1 .23 (6H. s). 1 .31 (6H, s). 2.28 (2H, s), 2.74 (2H, s), 3.93 (3H, s). 6.61-6,73 (3H, m). 6.85 (1 H, t. J 
= 2.2 Hz). 7.09 (IH, t. J = 7.8 Hz). 

EXAMPLE 328 

3,4.8,9-Tetrahydro-6-methoxy-1 -(6-methoxybenzothiazol-2-yl)-3,3,8,8-tetramethylfuro[2,3-h]isoquinollne 

[1 061 ] The title compound was obtained from 2-cyano-6-methoxybenzothtazole by the method similar to that in EX- 
AMPLE 1 . Yield: 18%. 

Melting point: 1 70-1 71 (ethyl acetate-hexane). 

IR NMR (CDCI3) 6 1.27 (6H, s), 1.38 (6H, s). 2.70 (2H, s), 2.79 (2H, s), 3.91 (3H, s), 3.92 (3H, s), 6.61 (IH, s), 7.11 
(1 H. dd. J = 9.0, 2.5 Hz), 7.39 (IH, d, J = 2.5 Hz), 7.93 (IH, d, J = 9.0 Hz). 

EXAMPLE 329 

3-(3,4,8.9-Tetfahydro-6-methoxy-3,3,8,8-tetramelhylfuro(2,3-h]isoquinolin-1 -yl)pyridine 1 -oxide 

[1062] The title compound was obtained from 3-cyanopyridine 1 -oxide by the method similar to that in EXAMPLE 1. 
Yield: 27%. Melting point: 145-146 (ethyl acetate-hexane-diisopropyl ether). 
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1H NMR (CDCI3) 8 1 .24 (6H. s), 1 .37 (6H, s). 2.39 (2H, s). 2.70 (2H. s). 3.93 (3H. s). 6.63 (1 H s) 7 27-7 32 (2H mi 
8.22-826 (1H,m), 8.28 (IH.s). . 5./. /.J^: t^n, m;. 

EXAMPLE 330 

1-(6-<;hloro-3ijyridinyl)-3,4.6,94etrahydro-6-methoxy-3.3,8,8-tetramethylfuro[2.34ilfe^^ 

[1063] The title compound was obtained from 6-chloronicotinonitrile by the method similar to that in EXAMPLE 1. 
Melting point: 140-141 'C (hexane). 

'H NMR (CDCy 5 1 .25 (6H, s). 1 .36 (6H. s). 2.28 (2H. s). 2.70 (2H. s). 3.93 (3H, s), 6.63 (1 H s) 7 38 (1 H d J - 7 8 
H2)5>;74*0W{-ddrJ'=7v8.a2+tz)5'&4aK*1«r^^^^ U".si,/.J8nH,d,J-7.8 

EXAMPLE 331 

4W^^nTOart)0!fflmid''^'^^*^™^^^"^°^^'^'^ 

[1064] AsoluUonof1-(6-chloro-3-pyridinyl).3,4.8,9-telrahydro-6-methoxy-3.3.8,8-t^^ 

(1 .0 g, 2.7 mmol), 4-pynd.necarboxamlde 1 -oxide (2.9 g, 21 mmol). 25% solution of hydrogen bromide/acetic acid (2 0 
mL) and acetic add (6.0 ml) in toluene (1 0 mL) was heated under reflux for 30 houis. The reaction solution was cooled 
to room temperature, and then the reaction mixture was poured into water. After basifying by the addition of 8 M aqueous 
solution of sodium hydroxide, the organic material was extracted with ethyl acetate. The extract was washed with brine 
dned over sodium sulfate, and then the solvent was distilled off under reduced pressure. The resultant residue was 
punfied by a column chromatography on a basic silica gel (chlorofonn/methanol 100:1 followed by 20 D to obtain the 
title compound (0.46 g, yield: 48%). ««■■ ui« 

Amorphous. 

<HNMR(CDCl3)S1.20(6H,s).1.46(6H.s), 2.65 (2H,s).2.88(2H.s). 3.93 (3H,s). 6.03 (1H br) 6 62 (IH s) 6 70 

!!5S.'8:itiH!Vi^5'oH^^^^ 

EXAMPLE 332 

1-(2-Pyridinyl)^-(3.4.8,9-tetrahydro-6-methoxy-3.3.8,8-tetramethylfuro[2.3-h]isoquinolin-1-yl)-2(1H)-pyridinone 

[10651 The title compound was obtained from pyridine 1 -oxide by the method similar to that in EXAMPLE 331 . Yield: 
47%. 

Melting point: 203-204 °C (ethyl acetate-hexane). 

HzW S^S'^M Vff^;>i ^ ^-^^ ^-^^ ^^l^' (IH. s). 6.69 (IH. d. J = 9.4 

d j'= 4^ Hz)' " (1 H. dd, J = 9.4, 2.6 Hz). 7.80-7.95 (2H. m), 8.06 (IH. d. J = 2.2 Hz). 8.5S (1 H. 

EXAMPLE 333 

pySwI^o?^'*'"'""''"^^*^^^'*'^'^"'®*'^*'^**'"'^®^^ 

Elfti .Pe *^'"P°""** obtained from 4^^1ethylquinoline 1 -oxide by the method similar to that in EXAMPLE 

001. Yieid: 51%. 

Melting point: 212-213 (ethyl acetate-hexane-diisopropyl ether) 

IH NMR (COCI3) 5 1^21 (6H. s). 1 .52 {6H. s). 2.65 {2H. s). 2.76 (3H. s). 2.99 (2H. brs), 3.93 (3H, s), 6.62 (IH. s), 6.74 
(IH. d, J = 8.8 Hz). 7.57-7.75 (4H. m). 8.00-8.09 (3H. m). 
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EXAMPLE 334 

1-(3-Methyl-2K^uinolinyI)-5-(3,4,8.94etrahydro-6-methoxy-3,3,8.84etramethy 
pyridinone 

5 

* [106q The title compound was obtained from 3-methylquinoline 1 -oxide by the method similar to that in EXAMPLE 
Y 331. Yield: 58%. 

^ Melting point: 212-21 3 *C (ethyl acetate-hexane-diisopropyl ether). 

1H NMR (CDCI3) 6 1.11 (3H, s). 1.30 (3H, s). 1.66 (6H, s), 2.42 (3H, s), 2,64-2.69 (2H, m), 2.73 (1H, d. J = 16.2 Hz), 
w 3.29 (1H. br d, J = 16.2 Hz). 3.90 (3H, s). 6.58 (1H, s), 6.74 (1H, d, J = 9.4 Hz), 7.53-7.83 (5H. m), 7.99 (1H, d, J = 8.0 
Hz), 8.10 (1H, s). 

EXAMPLE 335 

15 1 -(7-Methyl-2-quinolinyl)-5-(3.4,8.9-tetrahydro-6HTiethoxy-3,3,8.8-tetramethylf uro[2,3-h]isoquinol^ H)- 
pyridinone 

[1068] The title compound was obtained from 7-methylqulnoHne 1 -oxide by the method similar to that in EXAMPLE 
331, Yield: 6%. 
20 Melting point: 232-233 (ethyl acetate-hexane). 

1H NMR (CDCI3) 6 1.23 (6H, s). 1.58 (6H, s), 2.56 (2H, s). 2,58 (3H, s), 3.01 (2H. s), 3.93 (3H, s), 6.71 (1H, d, J = 9.4 
Hz), 6,93 (1 H. s), 7.44 (1 H, dd, J = 8.4. 1 .4 Hz), 7.72-7.88 (4H. m), 8.23 (1 H, d. J =: 8.4 Hz). 8.31 (1 H, d, J = 1 .8 Hz). 
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EXAMPLE 336 

2-[2-Oxo-5-(3,4,8,9-tetrahydro-6-methoxy-3,3,8,8-tetramethyIfuro[2,3-h]isoquinoIin-1-yl)-1(2H)-pyridinyl]- 
4-pyridinecarl30xylic acid ethyl ester dihydrochloride 

[1069] A free base of the title compound was obtained from 4-pyridinecarboxylic acid ethyl ester 1 -oxide by the 
30 method similar to that in EXAMPLE 331. This was dissolved in ethanol, combined with 3.3 M solution of hydrogen 
chloride/ethanol, and concentrated under reduced pressure to obtain the title compound. Yield: 36%. 
Amorphous. 

1H NMR (CDCI3) 6 1 .20 (6H, s), 1 .42 (3H, t, J = 7.4 Hz), 1 .46 (6H. s). 2.65 (2H, s). 2.89 (2H, s). 3.93 (3H, s), 4.44 (2H. 
q. J = 7.4 Hz). 6.62 (1H. s), 6.71 (1H. d, J = 9.3 Hz), .7.59 (1H, dd. J = 9.3, 2,4 Hz), 7.89 (1H, dd, J = 4.8. 1 .4 Hz), 8.04 
35 (1H. d, J = 2.4 Hz), 8.47 (1H. s), 8.67 (1H, d. J = 4.8 Hz). 

EXAMPLE 337 

6-(3,4,8,9-Tetrahydro-6-methoxy-3,3,8,8-tetramethylfuro[2,3-h]isoquinolin-1-yl)-2(1H)-pyridinone 



40 



45 



50 



55 



[1 070] A solution of 1 -(6-chloro-3-pyridinyl)-3.4,8,9-tetrahydro-6-methoxy-3,3,8,8-tetramethylf uro[2,3-hlisoquinoline 
(4.0 g, 11 mmol) in 6 M hydrochloric acid (40 mL) was heated under reflux for 11.5 hours. The reaction solution was 
cooled to room temperature, basified by the addition of 8 M aqueous solution of sodium hydroxide, and then the organic 
material was extracted with ethyl acetate. The extract was washed with brine, dried over sodium sulfate, and then the 
soh/ent was distilled off under reduced pressure. The resultant residue was crystallized from ethyl acetate-hexane- 
diisopropyl ether to obtain the title compound (3.6 g, yield: 94%). 
Melting point: 195-196 

^H NMR (COCI3) 5 1 .17 (6H, s), 1 .38 (6H, s), 2.59 (2H, s), 2.61 (2H. s), 3.91 (3H, s). 6.31 (1H. br). 6.52 (IH, d, J = 9.3 
Hz), 6.58 (IH, s), 7.41 (IH, dd. J = 9.3. 2.2 Hz), 7.68 (IH, d, J = 2.2 Hz). 

EXAMPLE 338 

1 -Methyl-5-(3,4,8,9-tetrahydro-6-methoxy-3,3,8,8-tetramGthylfurp[2.3-h]isoqutnolin-1 -yi)-2(1 H)-pyridinone 

[1071] A solutbn of 5-(3,4,8,9-tetrahydro-6-methoxy-3,3,8,8-tetramethylfuro[2,3-h]lsoquinolin-1-yl)-2(1H)-pyridi- 
none (1.0 g, 2.8 mmol) and sodium hydride (60% in oil, 0.35 g, 8.8 mmol) in N,N-dimethylforTnamide (10 mL) was 
stirred at room temperature for IS minutes, lodomethane (2.0 mL. 32 mmol) was added to the reaction mixture at room 
temperature and the mixture was stinred at room temperature for 9 hours. The reaction solution was poured into water. 
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and basified by the addition of 1 M aqueous solution of sodium hydroxide, and then the organic material was extracted 
wtfh ethyl acetate. The extract was washed with brine, dried over sodium sulfate, and then the solvent was distilled off 
under reduced pressure. The resultant residue was purified by a column chromatography on a basic silica gel (hexane/ 
chlorofonn/ethyl acetate 2:1 :1 followed by 1 :2:2) to obtain crude crystals. The resultant crude crystals were recrystal- 
Irzed from ethyl acetate-hexane-dnsopropyl ether to obtain the title compound (0 52 a vield- 50%^ 
Meltihg point: 158-159 "C. » • ». y "-ow/o;. 

iH NMri(CDCl3)51.20(6H,s), 1.41 (eH.s),2.61 (2H, s). 2.65 (2H, s), 3.60 (3H, s). 3.93 (3H. s). 6.56 (1 H d J = 94 
Hz),6.61(1H,s).7.33(1H,dd.J = 9.4.2.6H2),7.59(1H.d,J = 2.6H2). o(in,a.j 



EXAMPLE 339 

H3-Pyridinylmethyl)-S43i4;8-9'tetohydPO«6Hi»6thoxy^3:A^^ 
pyridinone 

[1 072] The title compound was obtained from 3-(chloromethyl)pyridine hydrochloride by the method similar to that 
in EXAMPLE 338. Yield: 38%. 
Melting point: 247-248 »C (ethyl acetate-hexane). 

(2H,s), 
d. J = 9 

!Hz). 



IH NMR (CDCI3) 5 1.19 (6H. s). 1.33 (6H, S). 2.47.(2H, s). 2.64 (2H. S), 3.91 (3H, S), 5.18 (2H, s), 6.60 (IH. s). 6.65 
(IH, d, J = 9.4 HZ). 7.27-7.32 (IH. m). 7.42 (IH, dd, J = 9.4, 2.6 Hz), 7.51 (IH. d, J = 2.2 Hz), 7 77 (IH dd J = 7 6 
1.8Hz),8.57(1H,dd,J=4.8.1.4Hz).8.64(1H,d.J=2.2H2). fff {m.aa.J -7.6. 



EXAMPLE 340 

1-(4-Pyridinylmethyl)-5-(3,4,8,9-tetrahydro-6-methoxy-3,3,8.8-tetramethylfuro[2,3-hlisoquinolin-1-v»-2f1HV 
pyridinone j / \ / 

= oit *^ 4-(chloromethyl)pyridine hydrochloride by the method similar to that 

in EXAMPLE 338. Yield: 63%. 

Melting point: 199-200 •C (ethyl acetate-dilsopropyl ether) 

IH NMR (CDCy 5 1.19 (6H. s), 1.35 (6H, s). 2.52 (2H. s). 2.64 (2H. s), 3.92 (3H. s). S.17 (2H. s). 6.61 (IH. s). 6.68 
(IH. d, J = 9.8 Hz). 7.21 (2H. d, J = 5.8 Hz), 7.45-7.48 (2H. m). 8.59 (2H. d, J = 5.8 Hz). 

EXAMPLE 341 

1 -(2-Pyridinylmethyl)-5-(3.4,8,9-tetrahydro-6-methoxy-3.3,8,8-tetramethylfuro[2.3-h]isoqulnolin-1 -vft-2(1 H)- 
pyridinone ' ^ > 

in bSmPLE 338 YiTld "S''^ 2-(c*"°™'"«*'^y)Pyridine hydrochloride by the method similar to that 

Melting pomj: 191-192 "C (ethyl acetate-hexane). 

iHz) 



i/ui< II. ia\-\s7£. \j aceiaie-nexane). 

fTn^d J ^"T^u!. \^^-}T^.V^^i'^''' ' ^2 (3H. S), 5.22 (2H. s). 6.60 (IH, s). 6.61 

« 1.;. 7^^?,^ H f of L^^"' ^"'^ ^ = 2^ '-^^ ^' J = 7 « Hz). 7.67 (IH dd. J = 7.6, 

1 .8 Hz), 7.72 (1 H, d, J = 2.2 Hz), 8.52 (1 H, d, J = 4.8 Hz). 



EXAMPLE 342 

1-(2-Quinoinylmethyl)-5-(3,4,8.9-tetiahydro-6-methoxy-3,3.8.8-tetramethylfuro[2.3-h|isoquinolin-1-yl)-2(1H) 
pyndinone / / \ ; 

■ ^"JJL.I!'^ ^!r°T°""'' ^'""^ 2-(chloromethyOquinoline hydrochloride by the method similar to that 

m EXAMPLE 338. Yield: 54%. 

Melting point: 210-211 «C (ethyl acetate-diisopropyi ether) 

^Tf ^ ^ ' '^^ ^-^^ (3^' (2H, s), 6.69 (IH, s), 6,66 

(IH. d, J = 9.6 H2). 7.37-7.50 (IH. m). 7.53-7.59 (2H, m). 7.65-7,73 (IH, m), 7.75 (IH. d, J = 2.2 Hz) 7 81 {IH d J - 
8.0H2).7.98(1H,d.J = 8.6Hz),8.15(1H,d.J = 8.8H2) ^.-^ HZ), 7.81 (IH, d. J - 
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EXAMPLE 343 

1-{PhenylmethyO-5-(3,4.8,9-tetrahydro-6-methoxy-3,33,8-tetramethylfuro^^ 

5 [1076] The title compound was obtained from benzyl bronnide by the method similar to that in EXAMPLE 338. Yield: 
^ 38%:-Melting point: 21 6-21 7 °C (ethyl acetate-hexane-diisopropyl ether). 

\ - 1H NMFl (CDCI3) 51.18 (6H. s), 1 .30 (6H. s), 2.44 (2H. s). 2.63 (2H. s). 3.91 {3H. s), 5.17 (2H. br s), 6.58 (1H, s). 6.66 
• (IH. d, J = 9.8 Hz), 7.32 (5H. s). 7.38-7.43 {2H, m). 

10 EXAMPLE 344 



'5 [1077] A solutbn of 5-(3,4,8,9-tetrahydro-6-methoxy-3,3,8,8-tetramethylfuro[2,3-h]isoquinolin-1-yl)-2(1H)-pyridi- 
none (1.5 g, 4.3 mmol) and sodium hydride (60% in oil, 0.19 g, 4.8 mmol) in N,N-dimethylfomTamide (10 mL) was 
stirred at room temperature for 25 minutes. 2-Chloroacetamide (0.51 g, 5.5 mmol) was added to the reaction mixture 
at room temperature and the mixture was stin^ed at room temperature for 24 hours. The reaction solution was poured 
into water, basified by the addition of 1 M aqueous solution of sodium hydroxide, and then the organic material was 

20 extracted with ethyl acetate. The extract was washed with brine, dried over sodium sulfate, and then the solvent was 
distilled off under reduced pressure. The resultant residue was purified by a column chromatography on a basic silica 
gel (chloroform/methanol 50:1 followed by 20:1) to obtain crude crystals. 3.3 M solution of hydrogen chloride/ethanol 
(5.0 mL, 17 mmol) was added to the solution of the resultant crude crystals in ethanol (20 mL) and the mixture was 
stirred at room temperature for 1 0 minutes. The reaction solution was concentrated under reduced pressure to obtain 

25 the title compound (1 .3 g. yield: 59%). 



1H NMR (DMSO-dg) 5 1 .34 (6H, s), 1 .40 (6H, s). 2.78 (2H. br). 3.08 (2H. s), 3.93 (3H, s). 4.60 {2H. br), 6.59 (1 H. d. J 
= 9.5 Hz), 7.06 (1 H. s). 7.73 (1 H. dd. J = 9.5, 2.4 Hz). 7.76 (1 H, s). 8.27 (1 H. d. J = 2.4 Hz), 8.33 (1 H, s). 12.39 (1 H. br). 

30 EXAMPLE 345 



2-Oxo-5-(3.4.8,9-tetrahydro-6-methoxy-3.3,8.84etramethylfuro[2,3-h]isoquinolin-1 -yl)-1 (2H)-pyridineacetic add ethyl 
ester 



35 [1 078] The title compound was obtained from ethyl bromoacetate by the method similar to that in Example 338. Yield: 
1 7%. Amorphous. 

NMR (CDCI3) 6 1 .20 (6H. s), 1 .30 (3H, t, J = 7.4 Hz), 1 .42 (6H. s). 2.65 (2H, s). 2.73 (2H. s). 3,92 (3H. s). 4,25 (2H, 
q. J = 7.4 Hz). 4.68 (2H. br). 6.60-6.65 (2H, m), 7.42-747 (2H. m). 

40 EXAMPLE 346 

2<)xo-NK3iDyridinyl)-6-{3.4,8,9-tetrahydro-6-methoxy-3,3.8.84etramethylfuro[2.3-h]isoquinolin-1-y 
pyridineacetamlde 

45 [1079] A solution of 2-oxo-5-(34,8,9-tetrahydro-6-methoxy-3,3,8.8-tetramethylfuro[2,3-hlisoquinolln-1-yl)-1( 

ridineacetic acid ethyl ester (1,4 g. 3.2 mmol) and 3-aminopyridine (0.58 g. 6.2 mmol) in decalin (10 mL) was stin-ed 
at 200 for 17 hours under argon atmosphere. The reaction solution was combined with 2 M hydrochloric acid, and 
washed with chloroform. The aqueous solution was basified with 8 M aqueous solution of sodium hydroxide, and then 
the organic material was extracted with ethyl acetate. The extract was washed with brine, dried over sodium sulfate, 

^ and then the solvent was distilled off under reduced pressure. The resultant residue was purified by a column chro- 
matography on a basic silica gel (ethyl acetate/methanol 50:1 followed by 10:1) to obtain crude crystals. The resultant 
crude crystals were recrystallized from ethyl acetate-diisopropyl ether to obtain the title compound (0.20 g, yield: 13%). 
Melting point: 276-277 ^'C. 

1H NMR (CDCig) 5 1.21 (6H, s), 1.40 (6H. s). 2.66 (4H. s), 3.93 (3H. s). 4.78 (2H. br s), 6.62 (1H. s). 6.71 (1H. d, J = 
55 9.3 Hz). 7.18-7.27 (1H, m). 7.56 (1H, dd. J = 9.3, 2.6 Hz), 7.69 (1H. d. J = 2.2 Hz), 8.04-8.08 (1H. m). 8.33 (1H. dd, J 
= 4.6, 1.4 Hz). 8.63 (IH. d, J = 2.6 Hz). 9.65 (1H. s). 




hydrochloride 



Amorphous. 
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EXAMPLE 347 



N-(241ydroxyemyl)-2-oxo-5-(3,43.9-tetrahydro-6-methoxy-3,3.8,8-tetramethylfuro[^ 

pyridineacetamide 

5 

\[108b] , The title compound was obtained from 2-aminoethanol by the method similar to that in EXAMPLE 346 Yield- 
59%. 

Melting point: 133-134 ''C (ethyl acetate-diisopropyl ether). 

1H NMR (CDCI3) 5 1.20 (6H, s). 1.42 (6H, s), 2.65 (2H, s), 2.68 (2H, s). 3.41 (2H. m). 3.69 (2H. t. J = 4 8 Hz) 3 92 
10 (3H, s). 4.64 (2H. s). 6.61 (1 H, s). 6.62 (1 H, d. J = 7.6 Hz). 7.37-7.48 (2H. m). 7.63 (1 H. d. J = 2.2 Hz). 

EXAMPL&348 



2<)xo-5-(3.4,8,94etrahydro-6-methoxy-3.3,8,84etramethylfuro[2.3-h]isoquinolin-1-yl).1(2^ 
'5 1 ,1 -dimethylethyl ester 

[1081] The title compound was obtained from tert-butyl bromoacetate by the method similar to that in EXAMPLE 

338. Yield: 51%, 

Amorphous, 

20 1H NMR (CDCIa) 6 1.20 (6H, s), 1 .42 (15H. s), 2.65 (2H. s). 2.72 (2H, s). 3.92 (3H, s). 4.65 (2H. br). 6.61-6 65 (2H 
m), 7,40-7.48 (2H, m). : v . 

EXAMPLE 349 

25 2-Oxo-5.(3,4,8,9-letrahydro.6-methoxy-3.3.8.8-tetramethylfuro[2.3-hIisoquinolin-1 .yl)-1 (2H)-pyridineacetic acid 
hydrochloride 



[1082] A solution of 2-oxo-5-(34,8.9-tetrahydro-6-methoxy-3,3,8,8-tetramethylfuro[2.3-h]isoquinolln-1 -yl)-1 (2H)-py- 
ridineacetic acid 1.1-dimethylethyl ester (2.7 g, 5.8 mmol) in 6 M hydrochloric acid (30 mL) was heated under reflux 
for 1 hour. After cooling to room temperature, the reaction mixture was concentrated under reduced pressure. The 
resultant residue was crystallized from chlorofomi-diisopropyl ether to obtain the title compound (2 6 g yield- 97%) 
Melting point: 231 -233 •C (decomposition). 

1H NMR (DMSO-de) 6 1 .34 (6H, s), 1 ,39 {6H. s), 2.80 (2H, br). 3.08 (2H. s), 3.94 (3H, s), 4.71 (2H. s), 6.63 (1 H d J 
= 9.6 Hz). 7.07 (1H, s), 7.76 (1H. dd, J = 9.6. 3,0 Hz). 8.33 (1 H. d, J = 3.0 Hz), 12,40 (IH. br). 

EXAMPLE 350 



4-{[2-Oxo-5-(3,4.8,9-tetrahydro-6-methoxy-3,3,8,8-tetramethylfuro[2.3-h]isoquinolin-1-yl)-1(2H)-pyridiny^ 
benzoic acid methyl ester 

II 083] The title compound was obtained from methyl 4-(bromomethyl)benzoate by the method similar to that In EX- 
AMPLE 338. Yield: 62%. 
Amorphous. 

NMR (CDCI3) 6 1 .1 8 (6H, s), 1 ,32 (6H. s). 2.47 (2H. s), 2,63 (2H, s). 3.91 (6H. s), 5,22 (2H. br s), 6.60 (1 H. s). 6,67 
(IH, d. J = 9.8 Hz). 7.37-7.46 (4H, m), 8.01 (2H, d, J = 8.4 Hz). 

EXAMPLE 351 



50 



55 



N-(2-Hydroxyethyl)-4-([2-oxo-5-(3,4.8,9-tetrahydrp-6-methoxy-3,3,8,8-tetramethylfuro[2.3-hlisoquinolin 
pyridinyljmethyljbenzamide hydrochloride 

[1 084] A solution of 4-[[2-oxo-5-(3,4,8,9-tetrahydro-6-methoxy-3.3.8,8-tetramethylfuroI2,3-h]isoquinolin-1 -yl)-1 (2H)- 
pyridinyl]methyl]benzoic acid methyl ester (1 .0 g, 2.0 mmol) and 2-aminoethanol (2.0 mL. 33 mmol) in xylene (10 mL) 
was heated under reflux for 4 hours. The reaction solution was cooled to room temperature, and the solvent was distilled 
off under reduced pressure. The residue was combined with water, and the mixture was made alkaline with 1 Maqueous 
solution of sodium hydroxide, and then the organic material was extracted with ethyl acetate. The extract was washed 
with brine and dried over sodium sulfate, and then the solvent was distilled off under reduced pressure. The resultant 
residue was purified by a column chromatography on a basic sifica gel (ethyl acetate/methanol 50:1 followed by 201 ) 



ID:<EP_ t270577Al I > 



203 



EP 1 270 577 A1 



to obtain crude crystals. 3.3 M hydrogen chioride/ethanol solution (3.0 mL, 10 mmol) was added to a solution of the 
resultant crude crystals In ethanol (20 mL) and the mixture was stirred at room temperature for 1 0 minutes. The reaction 
solutbn was concentrated under reduced pressure, and the resultant residue was crystallized from chloroform-diiso- 
propyi ether to obtain the title compound (1.1 g, Yield: 96%). 
5 Melting point: 1 75-1 76 *'C. 

ii 1H fOMp (DMSO-dg) 6 1 .28 (6H. s). 1 .42 (6H, s), 2.66 (2H, s). 3.09 (2H, s), 3.30-3.40 (2H, m). 3.50 (2H, t, J = 5 6 Hz) 
\ 3.93 (3H. s). 5.24 (2H. br). 6.62 (1H, d. J = 9.6 Hz), 707 (1H, s). 7.45 (2H, d. J = 8.0 Hz). 7.67 (1H. dd J = 9 4 2 2 
• Hz), 7.88 (2H. d. J = 8.0 Hz), 8.51 -8.57 (2H, m). ' ' * 

10 EXAMPLE 352 

4^2-Oxo-5-(3,4v8.9-tetrahydro-6-methoxy-a;3v8i8^etfariiethytfw^^ . 
benzoic acid hydrochloride 

15 [10851 The title compound was obtained from 4-[[2-oxo-5-(3,4,8,9-tetrahydro-6-methoxy-3,3,8,8-tetramethylfuro 
(2.3-h]isoquinolin-1-yl)-1(2H)i3yridinyl]methyl]benzoic acid methyl ester by the method similar to that in EXAMPLE 
349. Yield: 62%. 
Amorphous. 

NMR (DMSO^) 6 1.27 (6H. s). 1.42 (6H. s). 2.65 (2H. s). 3.09 (2H. s), 3.93 (3H, s). 5.30 (2H, br), 6.64 (1H d J 
20 = 9.6 Hz). 7.08 (1 H. s), 749 (2H, d, J = 8.4 Hz), 7.70 (1 H. dd, J = 9.6, 2.2 Hz). 7.93 (2H, d, J = 8.4 Hz). 8.58 (1 H* d' J 
= 2.2 Hz). 12.62 (1H,br). 

EXAMPLE 353 

2S 4-[[2-Oxo-5-(3,4.8.9-tetrahydro-6-methoxy-3,3.8.8-tetramGthylfuro[2,3-h]isoquinoHn-1-yl).1(2 



[1086] N,N-Dimethylfomiamide (0,1 mL) was added to a solution of 4-[[2-oxo-5-(3,4,8,9-tetrahydro-6-methoxy- 
3.3,8,8-tetramethylfurD[2.3-h]isoquinolin-1-yl)-1(2H)-pyridinyl]methyl]benzoic acid hydrochloride (1 .6 g. 3.1 mmol) and 
oxalyl chloride (0.75 mL, 8.6 mmol) In tetrahydrofuran (50 mL) at room temperature and the reaction mixture was stirred 
at room temperature for 1 hour. The reaction solution was concentrated under reduced pressure. 6.3 M ammonia/ 
ethanol solution (30 mL) was added to a solution of the resultant residue in tetrahydrofuran (50 mL) at room temperature, 
and the reaction mixture was stirred at room temperature for 1 hour. The reaction solution was concentrated under 
reduced pressure, and the residue was combined with water, and the organic material was extracted with chloroform. 
The extract was washed with brine and dried over sodium sulfate, and then the solvent was distilled off under reduced 
pressure. The resultant residue was purified by a column chromatography on a basic silica gel (chloroform/methanol 
50:1 followed by 20:1) to obtain crude crystals. The resultant caide crystals were recrystallized from ethyl acetate to 
obtain the title compound (0.44 g, Yield: 31%). 
Melting point: 262-266 'C. 

^H NMR (CDCI3) 5 1.18 (6H, s), 1 .33 (6H, s). 2.49 {2H. s), 2.63 {2H. s), 3.91 (3H. s). 5.21 (2H, s). 5.64 (1H, br). 6.08 
(1H, br). 6.60 (1 H. s), 6.66 (1 H, d, J = 9.0 Hz). 7.39-7,47 (4H, m), 7.79 (2H, d, J = 8.0 Hz). 

EXAMPLE 354 



N-Methyl-4fl2-oxo-5-{3,4,8.9-tetrahydro-6-methoxy-3,3.8.8-tetranriethylfuro[2.3-h]isoquinolin-l-yl)-1(2^ 
methyljbenzamide y/ ^ /kx jj 



[1087] The title compound was obtained from a 40% methylamine/methanol solution by the method similar to that 
in EXAMPLE 353. Yield: 41%. 



^H NMR (CDCI3) S 1.18 (6H. s), 1.33 (6H. s), 2.49 (2H, s), 2.63 (2H. s), 3.00 (3H. d. J = 5.2 Hz). 3.91 (3H. s), 5.20 
(2H, br). 6.18 (IH. br). 6.59 (1H. s). 6.65 (1H, d, J = 10 Hz), 7.36-746 (4H, m), 7,73 (2H, d, J = 8.0 Hz). 



benzamide 



so 



Amorphous. 



55 
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EXAMPLE 355 

44[20xo-5-(3.4,8.9-tetrahydro-6-methoxy-3,3.8.84etfaniethylfuro[2.3-h]isoquinolin-1-yO-^ 

propylbenzamide " 

5 

\[1088] The title compound was obtained from propylamine by the method similar to EXAMPLE 353 Yield- 57% 
Melting 'point: 193-195 °C (ethyl acetate-hexane-diisopropyl ether) 
■ NMR (CDCy 5 0.97 (3H. t. J = 7.2 Hz), 1.18 (6H. s), 1.33 (6H. s). 1.55-1.65 (2H. m), 2,48 (2H s) 2 63 (2H s) 

mr7 S(2H*'d J - 8 o'lir ^"^ ^'^^ ^'^^ ^'^^ ^^"* ^ ^ H^)- 7 37-7.45 (4H; 

E)eMWPL&3S6- 

3,4.8.9-Tetiahydro-6-methoxy-3,3,8,8-tetramethyl-H4-(methylthio)phenyl]furo[2.3-hJisoquinoline hydrochloride 



IS 



20 



25 



[1089] A solution of 4-(methylthio)benzonitrile (0.776 g. 5.20 mmol) in toluene (5 mL) and acetic acid (5 mU was 
treated dropwise with cone, sulfuric acid (0.5 mL) with cooling in ice. THe ice bath was removed, and a solution of 
2.3-dihydro-7-methoxy-2,2-dimethyl-5-(2-methyl-1-propenyObenzofuran (0.929 g. 4.00 mmol) in toluene (5 mL) was 
added and the mixture was stirred at 80 -C for 1 hour. Tlie reaction mixture was combined with ice and the aqueous 
layer was neutralized with coric. aqueous ammonia and extracted twice with ethyl acetate. The combined orqante laver 
was washed with water and brine, dried over sodium sulfate, filtered and concentrated under reduced pr^ure The 
residue was subjected to a column chromatography on a silica gel (hexane/ethyl acetate 2:1 ) to obtain a free base of 
the tide compound. This was combined with 2.8 M hydrogen chloride/ethanol solution (7.4 mL) and the mixture was 
concentrated under reduced pressure. The residue was ciystallized from diethyl ether, and reciystallized from ethyl 
acetate to obtain the title compound (0.72 g, Yield: 43%). 
Melting point: 137-140 "C. 

30 EXAMPLE 357 

1-(2,3-Dihydro-5-benzofuranyl)-3.4,8.9-tetrahydro-6-methoxy-3,3.8,8-tetramethylfurc(2.3-hlisoquinollne 

nydrochloride 

ExJiVLE^sf ^Yi^rs" of "^^^'^ ^"^ 2.3-dihydro-5-benzofurBncarbonitrile by the method similar to that in 

Melting point: 144-148 "C (ethyl acetate). 

'H NMR (CDCy 6 1 39 (6H. s). 1 .65 (6H. s). 2.45 (2H. s). 2.98 (2H, s). 3,36 (2H. t, J = 8.8 Hz). 4.01 (3H. s), 4.72 (2H. 
t. J = 8.8 Hz). 6.73 (1H. s). 6.86 (1H. d. J = 8.4 Hz). 7.32 (1H. dd. J = 8.4. 1.8 Hz). 7.93 (1H. d. J = 1.8 Hz). 

EXAMPLE 358 

1-(1.3-Benzodioxol-5-yl)-3,4.8.9-tetrahydro-6-methoxy-3.3.8.8-tetramethylfuro[2.3-hJisoquinoline hydrochloride 

pI^^L '^^^'^ ^ .3^Denzodioxol-5-caibonitrile by the method similar to that in EXAM- 

rLt 356. Yield: 44%, 

Melting point: 156-160 *»C (ethyl acetate). 

fTnT J ^""^n^ f litS ?• ^-^^ s). 6.73 (1H. s). 6.97 

(1H. d. J = 8.0 Hz). 717 (1H, brs), 7.27-7.29 (1H, m). 

EXAMPLE 359 

N.N-Dimethyl-4-(3,4.8.9-tetrahydro-6-methoxy-3,3.8.8-tetramethylfuro[2.3-h]isoquinolin-1-yl)benzenamine 
hydrochloride 

[1 092] The title compound was obtained from 4-(dimethylamino)benzonitrile by the method similar to that in EXAM- 

PLt 356. Yield: 24%. 

Metting point: 165-168 **C (ethyl acetate-ethanol). 
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1H NMR (CDCy 5 1.40 {6H, s). 1 .62 (6H, s), 258 (2H, s), 2.94 (2H. s), 3.10 {6H. s). 4.01 (3H, s). 6.73 (1H. s), 6.75 
(2H. d. J = 9.0 Hz), 7,77 (2H. d, J = 9.0 Hz). 

EXAMPLE 360 

H4^3,4,8,9-Tetrahydro-6HTiethoxy-3,3,8,84etramethylfuro[2,3-h]lsoquinon hydrochloride 

[1093] The title compound was obtained from 4-acetylbenzonitrile by the method similar to that in EXAMPLE 356. 
Yield: 29%. 

Melting point: 167-170 *C (ethyl acetate-ethanol). 

1H NMR (CDCy 5 1.34 (6H. s). 1 .71 {6H, s), 2.21 (2H, s). 2.69 (3H, s), 3.06 (2H. s), 4,03 (3H, s), 6.77 (1H. s), 7.80 
(2H', d; J = 8:2 Hz). 8:t4-f2Hj d; J^=8?2'Hz)f 

EXAMPLE 361 

3,4,8,9-Tetrahydro-6-methoxy-3,3,8,8-tetramethyl-1-{2-thienyl)furo[2,3-h]isoqulnoline hydrochloride 

[1094] Title compound was obtained from 2-thlophenecarbonitriIe by the method similar to that In EXAMPLE 356. 
Yield: 30%, 

Melting point: 154-156 *C (ethyl acetate-ethanol), 

^H NMR (CDCI3) 6 1.41 (6H. s), 1 .66 (6H, s). 2.59 (2H, s), 3.00 (2H, s), 4.02 (3H. s). 6,75 (1H. s). 7.29 (1H. br s). 7.82 
(1H, d, J =4.6 Hz), 8.05 (1H. brs). 

EXAMPLE 362 

3,4,8,9-Tetrahydro-6-metho)cy-3,3,8.84etramethyl-1H:4-(trifluoromethyl)phenyl]furo[2,3>h]isoquinoline hydrochloride 

[1095] The title compound was obtained from 4-(trifluoromethyl)benzonltriIe by the method similar to that in EXAM- 
PLE 356. Yield: 53%. 
Melting point: 149-151 *C (ethyl acetate). 

1H NMR (CDCI3) 5 1.35 (6H. s). 1.71 (6H. s), 2.19 (2H, s). 3.05 (2H, s), 4.03 (3H. s), 6.77 (1H, s). 7.84 (4H. s). 
EXAMPLE 363 

1-(2,3-Dihydro-7-methoxy-2,2-dimethyl-5-benzofuranyl)-3.4,8.9-tetrahydro-6-methoxy-3,3.8.8-tetrame^^ 
isoquinoline hydrochloride 

[1096] The title compound was obtained from 2,3-dihydro-7-methoxy-2,2-dimethyl-5-benzofurancarbonitrile by the 
method similar to that in EXAMPLE 356. Yield: 38%. 
Melting point: 141-143 "^C (diethyl ether-ethyl acetate). 

1H NMR (CDCI3) 5 1 .40 (6H, s), 1 .56 (6H, s), 1 .66 (6H. s), 2.50 {2H. s). 2,97 (2H. s). 3.08 (2H. s), 4,02 (3H, s), 4,06 
(3H. s). 6.74 (1H. s). 7.12 (1H. br s). 7.46 (1H. brs). 

EXAMPLE 364 

Bis[3,4,8,9-tetrahydro-6-methoxy-3,3,83-tetranriethyl-1-[4-(phenylthio)phenyllfuro[2,3-h]isoquino 

[1097] The title compound was obtained from 4-(phenylthio)benzonitrile by the.method similar to that in EXAMPLE 
356. Yield: 48%. 

Melting point: 130-132 (diethyl ether-ethyl acetate). 

1H NMR (CDCI3) 5 1 .37 {6H. s), 1 .67 (6H, s), 2.35 (2H, s), 3.00 (2H, s). 4.01 (3H, s). 6.74 (1H, s). 7.27-7.63 (9H. m), 
EXAMPLE 365 

3,4,8,9-Tetrahydro-6-methoxy-3,3,8,8-tetramethyM -I4-(1 -methylethyl)phenyllfuro[2,3-h]isoquinoline hydrochloride 

[1 098] The title compound was obtained from 4-(1 -methylethyl)benzonitrile by the method similar to that in EXAM PLE 
356. Yield: 37%. 
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Melting point: 169-171 "C (ethyl acetate). 

1H NMR (CDCI3) 8 1 .31 (6H. d, J = 6.8 Hz). 1 .35 (6H. s), 1 .69 (6H. s). 2.29 (2H. s). 2.95-3.08 (1H m) 3 01 (2H si 
4.02(3H,S).6.75(1H.s).7.42(2H.d.J = 8.4H2).7.69(2H,d.J = 8.4H2). ' 

EXAIWPLE 366 

^- 3.4.8.a-Tetrahydro-6<nethoxy-3.3.8.84etramethyl-1 -{5-methyl-2-thienyl)furo[2.3-h]isoquinoiine hydrochloride 

[1 099] The title compound was obtained fronn 5-methyl-2-thiophenecait)onitrile by the method similar to that in EX- 

AMPLE 356. Yield: 12%. 

Melting point: 177-179 "C (ethyl acetate). 

NMR(eDey 5 1.39^(6H^ s)f 1v69 (6W/S); ^:3&{3H5-^.a3g..f2Hf ^ 
(1H,d.J = 4.8H2),7.60{1H,d.J = 4.8Hz). . ^ •» 

EXAMPLE 367 

3.4,8,9-Tetrahydro-6-methoxy-3.3.8,84etramethyh1-[4-(trifluoromethoxy)phenyiruro[2,3-hliso<juinol^ 

AMfJ.E sS^ YieW^^T?""*^ obtained from 4-(trinuoromethoxy)benzonitrile by the method similar to that in EX- 
Melting point: 1 63-1 66 "C (ethyl acetate). 

H")T8/^H^d^ J - 8 4 h") ^ '^^ ^ ^ "^'^ ^'^^ = ® * 

EXAMPLE 368 

2-Methoxy-4-(3,4.8.9-tetrahydro-6-methoxy-3.3.8.8-tetramethylfuro[2,3-h]isoquinolin-1-yl)phenol 

[11011 A solution of 4-hydroxy-3-methoxybenzonitrile (0.895 g. 6.00 mmol) in toluene (5 mL) and acetic acid (5 mL) 
was treated dropwise with cone, sulfuric acid (0.6 mL) with cooling in ice. The ice bath was removed, and a solution 

(1 .16 g. 5.00 mmol) in toluene (5 mL) was 
added and stirred at 80 X for 1 hour. The reaction mixture was combined with ice. and the aqueous layer was neu- 
tralized with cone, aqueous ammonia, and extracted twice with ethyl acetate. The combined organic layer was washed 
with water and bnne. dried over sodium sulfate, filtered and concentrated under reduced pressure The residue was 
subjected to acolumn chromatography on a silica gel (hexane/ethyl acetate 2:1 followed by ethyl acetate) and recrys- 
tallized from ethyl acetate-hexane to obtain the title compound (0.92 g, Yield- 48%) 
Melting point: 1 43-1 45 'C. 

^T' ^ <^ "^^J- 2-68 (2H. s). 3.89 (3H. s). 3.92 (3H. s). 6.61 

(In, s), 0.00-0.S2 (3n, m). 

EXAMPLE 369 

1-(3.5-Dichloro-4-pyridinyl)-3.4.8,9-tetrahydro-6-methoxy-3.3,8.8-tetramethylfuro[2.3-hJisoquinoline 

E:v!fL. V'LTVT^°"'''' *^ 3.S-dichloro-4-pyrldlnecarbonitrile by the method similar to that In 

bXAMPLE 368. Yield: 23%. 

IVIelting point: 147-148 '^C (hexane). 

NMR (CDCI3) 5 1 -34 (6H. s). .1 .35 (6H, s). 2.19 (2H, s), 2.78 (2H, s), 3.92 (3H. s), 6.63 (1H. s), 8.56 (2H, s). 

EXAMPLE 370 

1-(2-Furanyl)-3,4,8,9-tetrahydro-6-nriethoxy-3.33.84eti^ethyIfuro[2,3-h]isoqui^ 

[1103] The titlecompound was obtained from 2-furonitrile by the method similar to that in EXAMPLE 368 rield* 25% 
Meiting point: 125-127 (hexane). 

1H NMR (CDCl3)S 1.23 (6H,s). 1.41 (6H. s). 2.51 (2H, s). 2.66 (2H. s), 3.92 (3H. s). 6.49 (1H. dd J = 34 1 8 Hz) 
6-58(1H.s).6.66(1H,d.J=3.4H2).7.48(1H.d.J = 1.8H2). ' 
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EXAMPLE 371 

2-(3,4.8,9-Tetrahydro-6-methoxy-3,3.8.8-tetramethylfuro[2,3-hlisoquinolin-1-yl)^ 

5 [11 041 The title compound was obtained from 2-cyanopheny! acetate by the method similar to that in EXAMPLE 368 
• Yields 19%. 

Y Melting^oint: 186-189 (ethyl acetate-hexane). 

^ NMR (CDCy 6 1.22 (6H. s). 1.42 (6H. s). 2.64 (2H. s), 2.74 (2H, s). 3,94 (3H, s). 6.64 (1H, s). 6.75-6.84 (1H. m). 
6.98-7.03 (1H. m). 7.24-7.32 (2H. m). 

w 

EXAMPLE 372 

3,4,8,9-Tetfahydro-6-methoxy-3,3,8.8-tetramethyl-1-(3-thienyl)furo[2,3-hlisoquinoline 

»5 [1105] The title compound was obtained from 3-thiophenecarbonitrile by the method similar to that in EXAMPLE 
368. Yield: 45%. 

Melting point: 119-122 °C (hexane). 

NMR (CDCI3) 6 1,23 (6H, S), 1.35 (6H, s), 2.36 (2H, s), 2.67 (2H, s), 3.92 (3H. s). 6.60 (1H, s). 7.11 (1H. dd, J = 
5.0, 1.2 Hz), 7.30-7.39 (2H, m). 

20 

EXAMPLE 373 

3,4,8,9-Tetrahydro-6-methoxy-3.3.8,8-tetramethyl-1-{3-methyl-2-thienyi)furo[2,3-h]isoquinoiine 

25 [1 1 06] The title compound was obtained from 3-methyl-2-thiophenecarbonitrile by the method similar to that in EX- 
AMPLE 368, Yield: 23%. 

Melting point: 195-197 'C {hexane-ethyl acetate), 

1H NMR (COCI3) 5 1.19 {6H. s), 1.40 (6H. s). 2.50 (3H. d, J = 0.8 Hz). 2.63 (2H, s). 2.67 (2H, s), 3,92 (3H. s), 6.59 
(1H. s), 6.87-6.69 (IN. m). 6.84 (1H. d, J = 3.6 Hz). 

30 

EXAMPLE 374 

1-(2-Chloro-3-pyridinyl)-3,4,8,9-tetrahydro-6-methoxy-3,3.8,8-tetramethylfuro[2,3-h]isoquinoline 

35 [1 1 07] The title compound was obtained from 2-chloro-3-pyridinecart)onitrile by the method similar to that in EXAM- 
PLE 368. Yield: 29%. 

Melting point: 159-160 *'C (ethyl acetate-hexane). 

IH NMR (CDCI3) 5 1 .21 (3H, s). 1 ,30 (3H. s), 1 .36 (3H. s), 1 .39 (3H. s), 2.03 (1 H, d, J = 15,8 Hz), 2.25 (1 H, d. J = 15.8 
Hz), 2.70 (1H. d, J = 15.8 Hz), 2.81 (1H, d. J = 15.8 Hz), 3.92 (3H, s), 6.62 (1 H, s), 7,34 (1H, dd, J = 7,2. 4.8 Hz), 7.69 
^ (1H, dd. J = 7.2, 1 .8 Hz), 8.46 (1H, dd. J = 4.8. 1 .8 Hz). 

EXAMPLE 375 

1-(2.6-Dichloro-4-nriethyl-3-pyridinyO-3,4,8,9-tetrahydro-6-methoxy-3,3,8,8-letramethytfuro[2>h]isoqu^ 
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[1108] The title compound was obtained from 2,6-dichloro-4-methyl-3-pyridinecarbonitrile by the method similar to 

that in EXAMPLE 368. Yield: 25%. 

Melting point: 97-101 *C (ethyl acetate-hexane). 

^H NMR (CDCI3) 5 1.32 (3H, s), 1.33 (3H. s), 1.34 (3H, s), 1.37 {3H, s), 2.02 (1H, d, J = 15.8 Hz). 2.19 (3H, s), 2.32 
(1H. d. J = 15.8 Hz). 2.74 (IH. d, J = 15.8 Hz), 2.79 (1H, d. J = 15,8 Hz)= 3.92 (3H. s). 6.62 (1H, s), 7.20 (1 H. s). 

EXAMPLE 376 

3,4.8,9-Tetrahydro-6-methoxy-3,3,8,8-tetramethyl-1-pyrazinylfuro[2,3-h]isoquinoline 

[1109] The title compound was obtained from pyrazinecarbonitrile by the method similar to that in EXAMPLE 368 
Yield: 6%. 

Melting point: 154-155 °C (ethyl acetate-hexane). 
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1H NMR (CDCy 5 1.30 (6H. s), 1.34 (6H. s), 2.17 (2H, s). 2.74 (2H, s), 3.92 (3H, s), 6.62 (IH s) 8 57 (IH dd J - 
2.6, 1.6 Hz). 8.64 (IH. d. J = 2.6 Hz). 8.87 (IH.d. J = 1.6 Hz). ^ . A = V».aa.j. 

EXAMPLE 377 

1^ 3.4.'8;9-Jetrahydro-6-methoxy-3,3.8,8-fetramethyl-1-(4-nitrophenyl)furot2,3-h]isoquinoli^ 
' [1110] The title compound was obtained from 4-nitrobenzonitrile by the method similar to that in EXAIMPLE 368. 
Melting point: 152-153 'C (ethyl acetate-hexane). 

lHNMR(CDCl3)51.26(6H.s).1.33(6H,s),2.19{2H.s).2.71 (2H, s). 3.93 (3H. s). 6.64 (IH, s). 7.60 (2H ddd J- 
8ie5 a25 lt.8=Hz)j 8va^f2HrdddfJ>=8.6v2s2; ti&+te)...^ t^n, aaa. j - 

EXAMPLE 378 

3.4,8.9-Tetrahydro-6-methoxy-3,3,8,8-tetramethyl-H4-(methylsulfinyl)phenyllfuro[2.3-h]isoquinoline 

[1 1 1 1 1 The title compound was obtained from 4-(methylsulf inyObenzonltrileby the method similar to that In EXAMPLE 
368. Yield: 26%. 

Melting point: 120-121 «C (ethyl acetate-hexane). 
EXAMPLE 379 

3,4,8.9-Tetfahydro-6-methoxy-3.3,8,8-tetramethyl-1-[4-(methylsulfonyl)phenylJfuro[2.3-h]isoquinoline 

LVJ!,L^^.!"® compound was obtained from 4-(methylsulfonyl)ben2onitrile by the method similar to that in EXAM- 

PLE 368. Yield: 52%. 

Melting point: 189-190 °C (ethyl acetate-hexane) 

X"" ?A tl fJ"»^' * * «• * ^ <'H. s>. 7.e3 

EXAMPLE 380 

1-(3-Furanyl)-3.4,8,9-tetrahydro-6-methoxy-3,3,8.8-tetramethylfuro[2.3-h]isoquinoline 

111131 Thetitlecompoundwasobtainedfrom3-furonitrilebythemethodsimilartothatin EXAMPLE Yield-31% 
Meltrng point: 130-131 X (ethyl acetate4iexane). * 

7.44(1H.dd, J = 1.8, 1.4Hz),7.59(1H,dd.J = 1.4,0.8H2). ^ • ^ 

EXAMPLE 381 

3,4.8.9-Tetrahydro-6-methoxy-3,3,8.8-tetramethyl-1-(3.4.5-trimethoxyphenyl)furo^^ 
ooo. Yield: 45%. 

Melting point: 1 86-1 88 *C (ethyl acetate-hexane). 

1H NMR (CDCI3) 5 1 .25 (6H. s). 1 .34 (6H, s). 2.34 (2H. s). 2.69 (2H. s). 3.84 (3H. s), 3.86 (6H. s).. 3.93 (3H. s). 6.61 -6.62 
\ori, m). 

EXAMPLE 382 

1-[2,2^Bipyridin]-6-y|.5.(3.4,8,9.tetrahydro.6.methoxy-3.3.8.8.tetramethylfuro[2^^^ 

pyridinone j / \ r 

[11151 A solution of 1 -[2.2'.bipyridin]-6-yl-1 .6-dihydro-6.oxo-3i3yridinecart)onitrile (2.06 g. 7.51 mmol) in toluene (10 
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mL) was treated dropwise with cone, sulfuric add (10 mL) with cooling in ice. A solution of 2,3-dihydro-7-methoxy- 
2,2-dimethyl-5-(2-methyl-1-propenyI)ben20furan (1 .45 g, 6.26 mmol) in toluene (10 mL) was added dropwise and the 
mixture was stirred at 0 for 10 minutes. The reaction mixture was combined with ice, and the aqueous layer was 
neutralized with cone, aqueous ammonia and extracted twice with ethyl acetate. The combined organic layer was 
5 washed with water and brine, dried over sodium sulfate, filtered and concentrated under reduced pressure. The residue 
^ was'subjected to a column chromatography on a silica gel (1% methanol/ethyl acetate followed by 5%), recrystalllzed 
\. from etriyl acelate-hexane to obtain the tide compound (0.43 g, Yield: 1 7%). 
Melting point: 231 -234 *»C. 

1H NMR (CDCI3) 6 1.22 (6H, s), 1 .42 (6H, s). 2.66 (2H, s), 2.89 (2H, s), 3.94 (3H. s), 6.62 (1H, s), 6.76 (1H, dd, J = 
10 9.2. 0.6 Hz), 7.32 (1H, ddd. J = 7.2, 4,8, 1 .0 Hz), 7.62 (IN, dd, J = 9.2. 2.6 Hz). 7.80 (1H. ddd. J = 8.0, 7.2, 1 .0 Hz), 
7.91-8.02 (2H, m), 8.09 (1H, dd, J = 2.6, 0.6 Hz). 8.28 (1H. dt, J = 8.0. 1.0 Hz), 8.44 (1H, dd, J = 6.6, 2.2 Hz), 8.68 
(•tWv ddd^i J>^4i8r l^:^; 1«.0«H^t « 

EXAMPLE 383 

15 

1-(8-Methyl-2-quinolinyl)-5-(3.4,8,94etrahydro-6-methoxy-3.3.8.8-tetranriethylfuro[2.3-h]isoquinol^ 
pyridinone 

[1116] The title compound was obtained from 1 ,6-dihydro-1-(8-methyl-2-quinoltnyl)-6-oxo-3-pyridinecarbonitrile by 
20 the method similar to that in EXAMPLE 382. Yield: 29%. 
Melting point: 182-183 •C (ethyl acetate-hexane). 

1H NMR {CDCI3) 5 1.22 (6H. s), 1 .45 (6H, s). 2.66 (2H, s). 2.74 (3H. s), 2.88 (2H, s), 3.93 (3H, s), 6.62 (1H, s), 6.74 
(IN. dd, J = 9.2, 0.8 Hz), 7.47 (1H. dd, J - 7.6, 7.0 Hz), 7.56-7.62 (2H, m), 7.71 (1H, d, J = 7.6 Hz), 7.92 (1H, d, J = 
8.8 Hz). 8.14 (1H, dd, J = 2.6, 0.8 Hz), 8.23 (1H, d, J = 8.8 Hz), 

25 

EXAMPLE 384 

1-(4-Methyl-2-pyridinyl)-6-{3,4.8,9-tetrahydro-6-methoxy-3,3,8,8-tetramethylfuro[2,3-h)isoquinolin-1-yl)-2(1^ 
pyridinone 

30 

[1117] A solution of 1,6-dihydro-1-(4-methyl-2-pyridinyl)-6-oxo-3-pyridinecarbonitrile (3.22 g, 15.2 mmol) in toluene 
(10 mL) was treated dropwise with cone, sulfuric acid (10 mL) with cooling in ice. A solution of 2.3-dihydro-7-methoxy- 
2,2-dimethyl-5-(2-methyl-1 -propenyl)benzof uran (2.72 g, 1 1 .7 mmol) in toluene (1 0 mL) was added dropwise, and the 
mixture was stirred at room temperature for 30 minutes. The reaction mixture was combined with ice, and the aqueous 

35 layer was neutralized with cone, aqueous ammonia, and extracted twice with ethyl acetate. The combined organic 
layer was washed with water and brine, dried over sodium sulfate, filtered and concentrated under reduced pressure. 
The residue was subjected to a column chromatography on a silica gel (1% methanol/ethyl acetate followed by 5%) 
and further to a column chromatography on a basic silica gel (hexane/ethyl acetate 1:1), recrystallized from ethyl 
acetate-hexane to obtain the title compound (1 ,00 g. Yield: 19%). 

^ Melting point: 1 61 -1 62 •C, 

NMR (CDCI3) 6 1.19 (6H, s), 1.45 (6H. s), 2.44 (3H, s), 2.64 (2H, s), 2.89 (2H, s), 3,92 (3H, s), 6.60 (1H, s), 6.68 
(1H, d, J = 9.6 Hz), 7.13 (1H. ddd, J = 5.2, 1.6. 0.8 Hz), 7.55 (1H, dd, J = 9.6. 2.6 Hz), 7.70 (1H, d, J = 1.6 Hz). 8.00 
(IH. d, J = 2.6 Hz), 8.38 (1H, d, J = 5.2 Hz). 

EXAMPLE 385 

4-(3,4,8,9-Tetrahydro-6-methoxy-3,3,8,8-tetramethylfuro[2,3-hlisoquinolin-1 -yl)pyridine 1 -oxide 

[1118] A solution of 4-cyanopyridine 1 -oxide (1 .26 g, 1 0.0 mmol) in toluene (5 mL) was treated dropwise with cone. 

so sulfuric acid (5 mL) with cooling in ice. A solution of 2,3-dihydro-7-methoxy-2,2-dimethyl-5-(2-methyl-1 -propenyl)ben- 
zofuran (1 .63 g, 7.00 mmol) in toluene (5 mL) was added dropwise, and the mixture was stirred at 0 ^'C for 30 minutes 
and then at 80 *C for 30 minutes. The reaction mixture was combined with ice, and the aqueous layer was neutralized 
with cone, aqueous ammonia, and extracted twice with ethyl acetate. The combined organic layer was washed with 
water and brine, dried over sodium sulfate, filtered and concentrated under reduced pressure. The residue was sub- 

55 jected to a column chromatography on a basic silica gel (ethyl acetate) and recrystallized from ethyl acetate-hexane 
to obtain the title compound (1 .33 g, Yield: 54%). 
Melting point: 197-199 ^'C. 

^H NMR (CDCI3) 5 1.23 (6H. s). 1.39 (6H, s). 2.41 (2H. s). 2.68 (2H. s). 3.94 (3H. s). 6.64 (IH. s), 7.38 (2H. d. J = 7.0 
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Hz), 8.25 (2H. d. J = 7.0 Hz). 
EXAMPLE 386 

4-Methyl-1-[4-(3,4.8.9-tetrahydro-6HTiethoxy-3.3.8,8-tetramethylfuro[2.3-hIisoquinolin 

quindlinone 

[11 191 25% hydrogen bromide/acetic acid solution (4 mL) was added to a solution of 4-(3.4,8,9-tetrahydro-6-meth- 
oxy-3,3.B,8-tetramethylfuro[2,3-hlisoqulnolin-1 -yl)pyridine 1 -oxide (3.52 g, 1 0.0 mmol) and 2-chloro-4-methylquinoline 
(3.55 g, 20.0 mmol) in xylene (30 mL) and acetic add (6 mL) and the mixture was heated under reflux for 4 houre Tlie 
reaction mixture was combined with ice water, and the aqueous layer was neutralized with cone, aqueous ammonia 
andextractedtwicewiMrethyl-acetatefl^eorabinetforgarito^ 

sulfate, filtered and concentrated under reduced pressure. The residue was subjected to a column chromatography 
on a basic siOca gel (hexane/ethyl acetate 2:1) and reciystallized from ethyl acetate to obtain the title compound (2 46 
g, Yield: 50%). * ' 

(Wielting point: 21 8-21 9 "C. 

1HNMR(CDC13)51.26(6H,S). 1 .40 (6H. s), 2.51 (3H, d. J = 1 .0 Hz), 2.57 (2H. br s), 2.68 (2H, S). 3.91 (3H S) 6 59 
(1H, S). 6.61 (1H. d. J = 1.0 Hz). 6.64 (1H. dd. J = 8.4, 1.2 Hz). 7.17-7.25 (1H. m), 7.29-7.38 (2H. m). 7.61 (1H 'dd J 
= 5.2. 1 .6 Hz). 7.70 (1 H, dd. J = 8.0, 1 .4 Hz), 8.82 (1 H. dd. J = 5.2. 0.8 Hz). ' ' 

EXAMPLE 387 

H4-(3,4.8.9-Tetrahydro-6-niethoxy-3.3,8.B-tetramethylfuro[2.3-h]isoquinolin-1-yl)-2-pyrjdinylJ-2(1H)-w^^^ 

[1 120] 25% hydrogen bromide/acotic acid solution (6 mL) was added to a solution of 4-(3.4.8.9-tetrahydro-6-meth- 
oxy-3.3.8,8-tetramethylfuro[2.3-h]isoquinolin-1-yl)pyridine 1 -oxide (5.00 g. 14.2 mmol) and 2-chloropyridine (16 1 g 
142 mmoO m xylene (45 mL) and acetic acid (9 mL) and the mixture was heated under reflux for 8 hours The reactiori 
mixture was combined with ice water, and the aqueous layer was neutralized with cone, aqueous ammonia and ex- 
tracted twice with ethyl acetate. The combined organic layer was washed with water and brine, dried over sodium 
sulfate, filtered and concentrated under reduced pressure. The residue was subjected to a column chromatogiaphy 
on a silica gel (ethyl acetate) followed by a column chromatography on a basic silica gel (hexane/ethyl acetate 11) 
and reciystallized from ethyl acetate to obtain the title compound (1 .55 g Yield- 25%) 
Melting point: 223-224 "C. 

1H NMR (CDCy 6 1.25 (6H, s). 1 .38 (6H. s), 2.54 (2H. brs). 2.69 (2H. s), 3.92 (3H. s). 6.24-6.32 (1H m) 6 61 (1H 
s) 6^61 (1H, ddd, J = 9.2. 1 .4, 0.8 Hz). 7.34-7.43 (2H. m), 7.78 (1H. ddd, J = 6.8. 2.2. 0.8 Hz). 7.93 (1H. dd. J = 1 A, 
0.6 Hz). 8.61 (IH.dd, J = 5.0, 0.6 Hz). ' . * • • 

EXAMPLE 388 

4-{3,4.8.9-Tetrahydro-6-methoxy-3,3.8.8-tetramethylfuro[2,3-h]isoquinolin-1-yl)-2(1H)-pyridinone 

[1121 J A solution of 4-(3.4.8.9-tetrahydro-6-methoxy-3,3.8.8-tetramethylfuro[2,3-h]isoquinolin-1 -yl)pyridine 1 -oxide 
(0.90 9. 2.55 mmol) in acetic anhydride (5 mL) was heated under reflux for 20 hours. The reaction mixture was dissolved 
in methanol (100 mL), cone, aqueous ammonia (20 mL) was added thereto and the mixture was stirred at room tem- 
perature for 30 minutes. The reaction solvent was concentrated and dstilled off under reduced pressure and the 
residue was combined with water The organic material was extracted with chlorofonn, and the extract was washed 
with bnne. dried over sodium sulfate, filtered and concentrated under reduced pressure. The residue was subjected 
to a column chromatography on a basic silica gel (chlorofomi followed by 2% methanol/chlorofomi). and recrystaHized 
from ethyl acetate-hexane to obtain the title compound (0.52 g. Yield; 58%). 
Melting point: 232-233 °C. 

^H NMR (CDCI3) 5 1.24 (6H. s). 1.40 (6H. s), 2.63 (2H. s). 2.69 (2H, s). 3.92 (3H. s). 6.35 (1H. dd. J = 6 6 1 4 Hz) 
6.60(1H,d.J = 1.4H2),6.ei (1H,s).7.43(1H.d,J=e.eHz).11.42(1H,brs). ' 
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EXAMPLE 389 

1-(4-Pyridinylmethyl)-4-(3,4.8,9-tetrahydro-6-methoxy-3.3,8,8-tetram 
pyiidinone 

5 

\[112^ ^ Sodium hydride (60% dispersion in oil) (0.360 g, 9.00 mmo!) was added to a suspension of 4-(3,4,8,9-tetrahy- 
dro-6-mfethoxy-3,33,8-tet^amethylfuro[2,3-h]jsoquinolln-1-yl)•2(1H)-pyridi^ (1.06 g, 3.00 mmol) in N.N-dimethyl- 
■ fonnamide (1 5 mL) with cooling in ice and the mixture was stirred at room temperature for 30 minutes. 4-(Chloromethyl) 
pyridine hydrochloride (0.738 g, 4.50 mmol) was added to the mixture and the mixture was stirred at room temperature 
10 further for 1 hour. The reaction solvent was concentrated and distilled off under reduced pressure and the residue was 
combined with water. The organic material was extracted with ethyl acetate, washed with brine, dried over sodium 
sulfate-, fiUered and concentrated ufldepred(3eed^presstife> The restdoe^wastsobjected-to' a^eofornir dtromatography^'- 
on a basic silica gel (hexane/ethyl acetate 1 :1 followed by ethyl acetate), and recrystallized from ethyl acetate-hexane 
to obtain the title compound (0.41 g, Vield: 31%). 
15 Melting point: 1 71 -1 72 'C. 

1H NMR (CDCI3) 6 1^4 (6H, s), 1.40 (6H. s), 2.65 (2H, s). 2.67 (2H, s), 3.92 {3H. s). 5.18 (2H. brs), 6.28 (IH. dd, J = 
7.0. 1 .8 Hz), 6.61 (1 H, s), 6.65 (1 H. d. J = 1 .8 Hz). 7.1 8 (2H, d, J = 6.0 Hz). 7.32 (1 H, d. J = 7.0 Hz), 8.58 (2H, d, J = 6.0 Hz). 

EXAMPLE 390 

20 

H2-Methoxyethyl)-4-(3,4,8,9-tetrahydro-6-methoxy-3.3,8,8^etramethylfuro[2,3-h]isoquinolin-1-yI)-2(1H)-pyri 

[1123] The title compound was obtained from 2-bromoethyl methyl ether by the.method similar to that In EXAMPLE 
389. Yield: 38%. 
25 Melting point: 85-87 °C (hexane-ethyl acetate). 

NMR (CDCI3) 5 1 .23 (6H, s), 1 .39 (6H, s), 2.63 (2H, s), 2.67 (2H. s), 3.31 {3H, s), 3.66 {2H, t, J = 5.0 Hz). 3.92 (3H. 
s). 4.15 (2H, br s), 6.18 (IH, dd. J = 7.0. 1.8 Hz), 6.58 (IH, d, J = 1 .8 Hz), 6.60 (IH. s), 7.39 (IH. d. J = 7.0 Hz), 

EXAMPLE 391 

H2-Pyfidinyimethyl)-4-(3,4,8,9-tetrahydro-6-methoxy-3.3.8,8'tetramethylfuro[2,3-h]isoquinolin-1-yl)-2(1H)^ 
pyridlnone 

{1124] The title compound was obtained from 2-(chloromethyl)pyridine hydrochloride by the method similar to that 
in EXAMPLE 389. Yield: 57%, 
Melting point: 1 65-1 66 °C (ethyl acetate-hexane). 

1H NMR (CDCI3) 5 1 .22 (6H, s), 1 .38 (6H, s). 2.63 (2H. s), 2.66 (2H. s). 3.91 (3H. s), 5.26 (2H, br s). 6.23 (1 H. dd. J = 
7.0. 1 .8 Hz). 6.58 (1 H. d. J = 1 .8 Hz). 6.59 (1 H. s). 7.1 8-7.25 (1 H. m). 7.42 (1 H. d. J = 7.6 Hz), 758 (1 H, d. J = 7.0 Hz), 
7.66 (IH. td. J = 7.6. 1 .8 Hz). 8.53 (IH. d, J = 4.8 Hz). 

EXAMPLE 392 

2-Oxo-4-(3.4,8,94etrahydro-6-methoxy-3.3,8,84etramethylfuro(2,3-h]isoquinolin-1-yl)-1(2H)-pyridlnea 

[1 1 25] The title compound was obtained as a main product from 2-chloroacetamide by the method similar to that in 
EXAMPLE 389. Yield: 56%. 
Melting point: 251-252 (ethyl acetale-methanol). 

NMR (CDCI3) 5 1.13 (6H. s). 1.29 (6H, s), 2.61 (4H, s), 3.81 (3H, s). 4.55 (2H, s). 6.14 (IH, dd. J = 7.0. 1.8 Hz), 
6.22 (IH, d. J = 1.8 Hz). 6.80 (IH, s), 7.20 (IH, brs), 7.61 (IH, d, J = 7.0 Hz). 7.65 (1H, brs). 

EXAMPLE 393 

N-(2-Amino-2-oxoethyl)-2-oxo-4-(3.4.8,94etrahydro-6-methoxy-3.3,8,84etr5UTiethylfuro[2.3^ 
pyridineacetamide 

[1 1 26] Similariy to EXAM PLE 392. the title compound was obtained as a by-product. Yield: 1 0%. 
Melting point: 166-168 °C (ethyl acetate). 

1H NMR (CDCI3) 6 1.13 (6H. s). 1.29 (6H. s), 2.61 (4H. s). 3.68 (2H. d. J = 5.6 Hz). 3.81 (3H. s). 4.63 (2H. s). 6.19 
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(IH, dd. J = 6.8. 1.8 Hz), 6.25 (1H. d. J = 1 .8 Hz). 6.80 {1H. s), 7.14 (1 H, br s), 7.30 (1H. br s). 7.66 (1H d J = 6 8 
Hz), 8.47 (IH.t, J =5.6 Hz). v • • 

EXAMPLE 394 

L 1 -(3-Pyndinylmethyl)-4-(3.4,8,9-tetrahydro-6-methoxy-3.3.8,84etramethyl^ .yl).2(l H)- 

\- pyridinone ' 

ft. 

[1127] The title compound was obtained from 3-(chIoromethyl)pyrldine hydrochloride by the method similar to that 

in EXAMPLE 389. Yield: 56%. 

Melting point: 126-128 (ethyl acetate-hexane). 

1H NMR (CDCy 51.22(6H/S')', .|:39»(6H^s)i 2:^^^^ 

6.8. 1.8 Hz). 6.60 (1H, s). 6.62 (IH, d. J = 1.8 Hz), 7.28 (IH, dd. J - 8.0, 4.8 Hz), 7,35 (IH, d. J.= 6 8 Hz) 772 (IH 
d.J = 8.0Hz),8,57(1H.dd.J = 4.8.1.6Hz),8.61(1H.d,J=1.6Hz). 

EXAMPLE 395 

1 -Methyl^-(3.4.8.9-tetrahydro-6-methoxy-3,3,8.8-tetramethylfuro[2.3-h]!soqulnonn-1 -^^^^^ H)-pyridlnone 

[1 128] The title compound was obtained from lodomethane by the method similar to that In EXAMPLE 389. Yield: 
62%. 

Melting point: 180-181 ^'C. 

IH NMR (CDCy 6 1.22 (6H, s), 1,40 (6H. s). 2.64 (2H. s), 2.66 (2H. s). 3.58 (3H, s). 3.92 (3H. s), 6,23 (IH dd J = 
7.0.1.8H2),6.58(1H.d,J=1.8Hz).6.60(1H.s).7,33(1H.d.J = 7.0 H2), . s;, b,^d (IM. dd, J - 

EXAMPLE 396 

1- (2-Qulnolinylmethyl)^-(3,4.8.9-tetrBhydro-6.methoxy^.3.8,8.tetramethylfuro[2.3.hli 

pyridinone j* \ f 

. . I?^® ^'^'^ compound was obtained from 2-(chloromethyl)quinoline hydrochloride by the method similar to that 
in EXAMPLE 389. Yield: 55%. 

Melting point: 1 89-1 90 '^C (ethyl acetate-hexane). 

1H NMR (CDCI3) 5 1 .22 (6H, s). 1 .37 (6H. s). 2.65 (4H. s), 3.91 (3H. s), 5.47 (2H. br s). 6.24 (1 H, dd. J = 6.8 1 8 Hz) 

^\";l^;f^ ^\^\ ^' ^ ^ ^ ^-^^ ^' ^ = ^-^^-^'^^ (^^^ "^)' 7-60 (IH, d. J = 6.8 Hz). 7.68-7.77^ 

(1 H, m). 7.82 (1 H. d J = 8.4 Hz). 8.03 (1 H. d. J = 8.4 Hz), 8.14 (1 H, d, J = 8.4 Hz). 

EXAMPLE 397 

2- [242-Oxo-4-(3.4,8.9-tetrahydro-6wTiethoxy-3,3.8,8-tetramethyIfuro[2,3-h]isoqulno!jn-1.yl) 

isoindole-1 ,3(2H)-dione ^ * i i j m 

oo?°J. .T^f^^'®'''''"P^""^^^°^^^'"®^^«>'"N-(2-bromoethyO 
oo9. Yielci: 14%. 

Melting point: 226-228 'C (ethyl acetate-methanol). 

^S'^Wr-^^ 2-®^ 2-^^ S). 3.92 (3H, s), 4.13 (2H, brs). 4.26 (2H, br S), 

6.15(1H.dd.J = 7.0. 1.8Hz).6.51 (IH. d, J = 1.8 Hz). 6.58 (IH. s). 7.14 (IH. d. J = 7.0 Hz). 7.72-7.84 (4H, m). 

EXAMPLE 398 

P)^din^e"'^'^'^'"°^*'*^*'''^^^''*'°'^ 

[11311 The title compound was obtained from 2-(dimethylamino)ethyl chloride hydrochloride by the method similar 

to that in EXAMPLE 389. Yield: 9%. 

Melting point: 111-113 'C (ethyl acetate-hexane). 

'H NMR (CDCI3) S 1 .23 (6H. s), 1 .38 (6H. s). 2.28 (6H. s), 2.62 (2H. t. J = 6.6 Hz). 2.63 (2H, s). 2 67 (2H, s) 3 92 (3H 
s). 4.05 (2H, t. J = 6.6 Hz). 6.19 (IH, dd. J = 7.0. 1 .8 Hz). 6.56 (IH, d. J = 1 .8 Hz). 6.60 (IH. s). 7.35 (IH. d. J = 7.0 Hz)! 
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EXAMPLE 399 



HPhenyImethyl)-4-(3,4,8.9-tetrahydro-6-methoxy-3,3,8.84etramethylfuro[2.3 

5 [1 1 32] The title compound was obtained from benzyl bromide by the method similar to that In EXAMPLE 389 Yield* 
* 68%N 

\ Melting-point: 170-172 *C (ethyl acetate-hexane). 

^ ^HNMR(CDCl3)51.22(6H.s)J.38(6H.s). 2.63 (2H.S). 2.66 (2H.S). 3.91 (3H,s),5.18(^^^ 619(1H dd J = 
7.0. 1.8 Hz). 6,59 (1H. s), 6.62 (1H, d, J = 1 .8 Hz), 7.30-7.33 (6H. m). • v = , 



10 



15 



20 



EXAMPLE 400 



4-n2-Oxo-4-{3.4,8.94etrahydro-6-methoxy-3,3.8.8-tetramethylfuro[2,3-h]isoquino!in-1-yl)-1(2H^ 
benzoic acid methyl ester 

[1133] The title compound was obtained from 4-(bromomethyl)benzoic acid methyl ester by the method similar to 
that in EXAMPLE 389. Yield: 73%, 
Melting point: 193-194 (ethyl acetate-hexane). 

NMR (CDCI3) 5 1,23 (6H. s). 1 .39 (6H. s), 2,64 (2H. s). 2,67 (2H, s). 3.92 (6H, s). 5.23 (2H. brs), 6.24 (1H. dd J = 
7.0, 1 .8 Hz), 6.60 (1 H, s), 6.63 (1 H, d. J = 1 .8 Hz). 7.32 (1 H, d, J = 7.0 Hz), 7.36 (2H, d. J = 8.4 Hz), 8.01 (2H. d, J =8.4 Hz). 

EXAMPLE 401 

N-(2-Hydroxyethyl)>4-[[2-oxo-4-(3.4,8,9-tetrahydro-6-methoxy-3.3,8.8-tetramethylfuro[2,3-h]isoqui^ 
25 pyridinyl]methyl]benzamide 



[1 134] A solution of 4-[[2-oxo-4-(3,4.8,9-tetrahydro-6-methoxy-3,3,8.8-tetramethylf uro[2.3-h]isoquinolln-1 -yl)-1 (2H)- 
pyridinyl]methyl]benzoic acid methyl ester (1.32 g. 2.64 mnrwl) and 2-aminoethanol (2 mL, 33,1 mmol) in xylene (10 
mL) was heated under reflux for 7 hours. The reaction mixture was combined with ice water and extracted twice with 
chlorofomi. The combined organic layer was washed with water and brine, dried over sodium sulfate, filtered and 
concentrated under reduced pressure. The residue was subjected to a column chromatography on a basb silica gel 
(ethyl acetate/methanol 19:1 followed by 9:1). and recrystallized from ethyl acetate-methanol to obtain the title com- 
pound (0.81 Yield: 58%), 
Melting point: 220-222 **C. 

1H NMR (CDCy 5 1.22 (6H. s). 1,40 (6H, s), 2.64 (2H. s), 2.66 (2H. s). 3.48-3,59 (3H, m), 3.76 (2H t J = 5 0 Hz) 
3.92 (3H, s). 5.18 (2H, brs). 6.26 (1H, dd. J = 7.0, 1.8 Hz). 6.60 (1H. s). 6.63 (1H. d, J = 1.8 Hz). 7 07'(1H br t J = 
5.5 Hz). 7.30 (2H. d, J = 8.4 Hz). 7.35 (1 H, d. J = 7.0 Hz). 7.74 (2H. d, J = 8.4 Hz). 

EXAMPLE 402 

4-a2-Oxo-4-(3.4,8.9-tetrahydro-6-methoxy-3,3,8.8-tetramethylfuro[2,3-h]isoquinolin-1-yl)-1(2H)-pyridinvllme^^^^ 
-N-(4-pyridinyl)benzamlde 
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[1135] 4-([2-Oxo-4-(3,4,8.9-tetrahydro-6-methoxy-3,3,8,8-tetramethylfuro[2.3-h]isoquinolin-1-yl)-l(2H)-pyri^ 
methyljbenzoic acid methyl ester (2.78 g. 5.55 mmol) was dissolved in 1 M aqueous solution of sodium hydroxide (30 
mL) and the mixture was heated under reflux for 30 minutes. The reaction mixture was cooled to room temperature, 
and 2 M hydrochloric acid (30 mL) was added thereto. The solvent was concentrated and distilled off under reduced 
pressure, and diluted with ethanol. The resultant insolubles were filtered off. and ethanol was concentrated and distilled 
off under the reduced pressure. This procedure was repeated twice to obtain 4-[[2-oxo-4-(3,4.8.9-tetrahydro-6-meth- 
oxy.3,3.8,8-tetramethylfuro[2,3-h]isoqulnoIin-1-yl)-1(2H)-pyridinyl]methyl]benzoic acid hydrochloride (2.90 g, quanti- 
tative), 1-Elhyl-3-{3-dimethylaminopropyl)carbodiimide hydrochloride (0,483 g, 2.52 mmol) was added to a solution of 
the resultant 4-[[2 oxo-4-(3,4.8,9-tetrahydro-6-methoxy-3.3,8,8-tetramethylfuro[2,3-h]isoquinolin-1 -yl)-1 (2H)-pyridinyI] 
methyljbenzoic acid hydrochloride (1 .20 g. 2.29 mmol), 4-aminopyridine (0.259 g, 2.75 mmol) and 1 -hydroxy-1 H-ben- 
zotriazole monohydrate (0.701 g. 4.58 mmol) in N.N-dimethylfomiamide (10 mL) with cooling in ice. and stirred at the 
same temperature for 1 hour and then at room tennperature for 30 hours. The reaction solvent was concentrated and 
distilled off under reduced pressure, and to the residue an aqueous solution of sodium hydroxide was poured The 
organic material was extracted with ethyl acetate, and the extract was washed with brine, dried over sodium sulfate, 
filtered and concentrated under reduced pressure. The residue was subjected to a column chromatography on a basic 
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sIHca gel (1% methanol/ethyl acetate followed by 2%) and recrystallized from ethyl acetate-hexane to obtain the title 
compound (0.15 g. Yield: 12%). 
Melting point: 1 44-1 46 *C. 

1H NMR (CDCI3) 5 1 .23 (6H. s). 1 .39 (6H. s). 2.63 (2H, s). 2.67 (2H. s). 3.92 (3H. s). 5.20 (2H. br s). 6 29 (1 H dd J = 
6.8, 1 .8 Hz), 6.61 (2H. s). 7.32 (2H, d, J = 8.4 Hz), 7.38 (1 H. d. J = 6.8 Hz). 7.70 (2H, dd. J = 4 8 1 8 Hz) 7 84 f2H 
^ d. J ^8^.4 Hz). 8.51 (2H, dd. J = 4.8. 1 .8 Hz). 9.06 (1 H. br s). " ' ^ ' 

^ EXAMPLE 403 

2<)xo-4-(3.4.8.9-tetrahydro-6-methoxy-3.3.8.8-tetramethylfuro[2,3-h]isoquinolin-1-yl)-1(^ 
1,1-dimethylethyl ester 

[1136] The title compound was obtained from tert-butyl bromoacetate by the method similar to that in EXAMPLE 
389. Yield: 80%. 

Melting point: 166-168 *C (diethyl ether-hexane). 

1H NMR (CDCI3) 5 1.23 (6H, s). 1 .40 (6H, s). 1 .49 (9H. S). 2.67 (2H. s), 2.68 (2H. s). 3.92 (3H. s), 4.57 (2H s) 6 25 
(1H.dd.J = 7A1.8Hz).6.69{1H.d,J = 1.8Hz).6.59(1H,s),7.25(1H,d,J = 7.0Hz), v • • 

EXAMPLE 404 

2-Oxo-4-(3.4.8.94etrahydro-6^7iethoxy-3.3,8.8-tetramethylfuro[2,3-h]isoquinolin.1-yl)-1(2H)'^^^ 
hydrochloride 

[1137] 2-Oxo-4-(3,4.8.9-^etrahydro-6-methoxy-3.3.8.8^etramethylfuro[2,3-hIjsoquinolin-1-yl).1(2H)-py 

aad 1 .1 -dimethylethyl ester (1 0.1 g, 21 ,6 mmol) was dissolved in 6 M hydrochloric acid (25 mL) and the mixture was 

heated under reflux for 1 hour. The reaction solution was cooled to room temperature, and the reaction solvent was 

concentrated and distilled off under reduced pressure to obtain the title compound (9.60 g, 99%) 

Amorphous. 

1H NMR (CDCyS 1.41 (6H.S). 1.53 (BH.s). 2.68 (2H,s). 2.98 (2H.S). 3.98 (3H.S). 4.71 (2H,brs) 624(1H brs) 
6.35(1H.d. J = 7.0Hz).6.70(2H.s).7.72(1H.d,J = 7.0Hz). > ^ ■ h 

EXAMPLE 405 

2-Oxo-N-(3-pyridinylH-(3.4,8,94etrahydro-6-methoxy-3,3.8.8-t6tramethylfuro[2,3-hlisoquinolin 
pyridineacetamide / / v / 

[1138] 1 -Ethyl-3-(3-dimethylaminopropyl)cattodiimide hydrochloride (0.566 g, 2.95 mmd) was added to a solution 
of 2-oxo-4-(3.4.8,9-tetrahydro-6-methoxy-3.3,8.8-tetramethytfuro[2.3-hFsoquinolin-1 -yl)-1 (2H)-pyridineacetic acid hy- 
dn^londe (1 20 g, 2.68 mmol). 3-aminopyridine (0.303 g, 3.22 mmoQ and 1 -hydiDxy-1 H-benzotriazole monohydrate 
(0.821 g. 5.36 mmol) in N,N-dimethylfomiamide (10 mL) with cooling in ice, and the mixture was stirred at the same 
temperature for 1 hour and then at room temperature for 3 hours. The reaction solvent was concentrated and distilled 
Oft under reduced pressure, and to the residue an aqueous solution of sodium hydroxide was poiired TTie organic 
matenal was extracted with ethyl acetate, and the extract was washed with brine, dried over sodium sulfate filtered 
and concentrated under reduced pressure. The residue was subjected to a column chromatography on a basic silica 
gel (5% methanol/ethyl acetate) and reciystallized from ethyl acetate^nethanol to obtain the title compound (0.51 g. 
Tield. 39%>). 

Melting point: 251-253 **C. 

1H NMR (CDCI3) 6 1 .23 (6H, s), 1 .40 (6H. s), 2.63 (2H, s). 2.68 (2H. s). 3.93 (3H. s). 4.80 (2H. br s) 6 42 (1 H dd J = 
7 0 1.8 Hz). 6.62 (1H. s). 6.75 (1H. d. J = 1.8 Hz), 7.20 (1H. dd. J = 8.4, 4.6 Hz). 7.52 (1H. d, J = 7.0 Hz). 7.94 (1H 
ddd. J = 8.4. 1.8. 1.4 Hz). 8.31 (1H, dd. J = 4.6. 1.4 Hz). 8.64 (IH. d. J = 1.8 Hz). 9.82 (1H, brs). 

EXAMPLE 406 

2-Oxo-N-(5^uinolinyl)^.(3,4,8.94etrahydro-6-methoxy-3.3.8.84etramethylfuro[2.3-h]i^^^ 
pyridineacetamide ' 

[1 1 39] The title compound was obtained from 5-aminoquinoline by the method similar to that in EXAMPLE 405 Yield- 
10%. 
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Melting point: 136-138 ^'C (ethyl acetate-hexane). 

1H NMR (CDCI3) 6 1.22 (6H. s), 1 .31 (6H, s). 2.59 (2H. s), 2.66 (2H, s). 3.92 (3H, s), 4.89 (2H. brs). 6.48 (1H. dd. J = 
6.8. 1 ,8 Hz). 6.61 (1H. s), 6.80 (1H. d. J = 1 .8 Hz). 7.47 (1H. dd, J = 8.8. 4.0 Hz). 7.58 (1H, d. J = 6.8 Hz). 7.70 (IN t 
J = 8.4 Hz). 7.93 (1 H. d. J = 8.4 Hz). 8.21 (1 H. d. J = 8.8 Hz). 8.47 (1 H. d. J = 8.4 Hz). 8.93 (1 H, dd, J = 4,0, 1 .2 Hz)' 
5 10.21 (1H.br s). 



[1140] 25% Hydrogen bromide/acetic acid solution (1 mL) was added to a solution of 1 -(6-chloro-3-pyridinyl)- 
3;4,8^9-tetrahyd^o-6-n^hoxy*3;3;'8^8^tet^amethyl^UFo^^3^^^ . 
monohydrate (3.05 g, 21 .0 mmol) in toluene (5 mL) and acetic acid (5 mL) and the mixture was heated under reflux 
for 20 hours. The reaction mixture was combined with ice water, and the aqueous layer was neutralized with cone. 
15 aqueous ammonia, and extracted twice with ethyl acetate. The combined organic layer was washed with water and 
brine, dried over sodium sulfate, filtered and concentrated under reduced pressure. The residue was subjected to a 
column chromatography on a basic silica gel (hexane/ethyl acetate 2:1) and recrystallized from ethyl acetate to obtain 
the title compound (0.41 g, Yield: 41%). 
Melting point: 191-192 •C. 

20 1H NMR (CDCI3) 5 1 .21 (6H. s). 1 .52 (6H. s), 2.65 (2H, s). 2.98 (2H. s). 3.94 {3H. s), 6.62 (1 H, s). 6.74 (1 H. d, J = 9.2 
Hz), 7.55-7.63 (1H. m), 7.64 (1H. dd, J = 9.2, 2.6 Hz), 7.69-7.77 (1H, m), 7.88 (1H. dd, J = 8.0. 1.4 Hz). 7,92 (1H d J 
= 8.8 Hz). 8.04 (1H. dd. J = 8.0, 1 .4 Hz), 8.12 (1H. d, J = 2.2 Hz), 8.26 (IH, d, J = 8.8 Hz). 

EXAMPLE 408 

25 

1 -(1 -lsoqulnolinyl)-5-(3,4,8,9-tetrahydro-6-methoxy-3,3,8:8-tetramethylfuro[2.3-h]isoquinolin-1 -yl)-2(1 H)-pyridinone 

(1141] The title compound was obtained from Isoquinoline 2-oxide by the method similar to that in EXAMPLE 407 
Yield: 40%. Melting point: 147-149 'C (ethyl acetate-hexane). 
30 1H NMR (CDCI3) 5 1.16 (3H. s). 1.23 (3H. s), 1.41 (3H. s), 1.55 (3H. s). 2.63 (2K s). 2.75 (1H. d, J = 16.0 Hz). 3.22 
(IH. d. J = 16.0 Hz). 3.90 (3H. s). 6.58 (IH. s), 6.78 (IH. d, J = 9,6 Hz), 7.62-7.80 (6H. m). 7.92 (IH. d J = 8 4 Hz) 
8.46(1H.d. J = 5.8Hz). 

EXAMPLE 409 

35 

1-[4-(3,4.8,9-Tetrahydro-6-methoxy-3,3,8,8-tetramethylfuro[2,3-h]isoquinolin-1-yl)-2-pyridinyl]-2(1H)-qui 

[1 1 42] A solution of 4-(3.4.8,9-tetrahydro-6-methoxy-3,3.8,8-tetramethy!furo[2,3-h]isoquinolin-1 -yl)pyridlne 1 -oxide 
(0.95 g. 2.7mmol), 2-chloroquinofine (1 .8 g, 1 1 mmol), 25% hydrogen bromide/acetic acid solution (0.7 mL) and acetic 

40 acid (6.0 mL) in toluene (8.8 mL) was heated under reflux for 1 hour. The reaction solution was cooled to room tem- 
perature, and the reaction mixture was poured into water. After the mixture was made weakly alkaline with cone, aque- 
ous ammonia, the organic material was extracted with ethyl acetate. The extract was washed with brine and dried over 
sodium sulfate, and then the solvent was distilled off under reduced pressure. The resultant residue was purified by a 
column chromatography on a basic silica gel (ethyl acetate/hexane 2:1 followed by 1 :1) to obtain crude crystals. The 

45 resultant cmde crystals were recrystallized from ethyl acetate-hexane to obtain the title compound (0.72 g, Yield: 66%). 
Melting point: 190-191 **C. 

1H NMR (DMSO-de) S 1-1 8 (6H. s), 1 .24 (6H, s). 2.51 (2H, s), 2.67 (2H, s). 3.80 (3H. s). 6.48 (1 H, d, J = 8.8 Hz), 6.68 
(IH, d, J = 9.6 Hz), 6.80 (IH, s). 7.26 (IH, t, J = 7.2 Hz). 7.40-7.48 (2H, m). 7.64 (IH, dd. J = 4.9. 1 .6 Hz), 7.79 (IH, 
d. J = 7.6 Hz). 8.05 (1 H, d. J = 9,6 Hz). 8.80 (1 H, d, J = 4.9 Hz). 

so 

EXAMPLE 410 

1,6-Dihydro-6-oxo-1-[4-(3.4,8,9-tetrahydro-6-methoxy-3,3.8,8-tetramethylfuro[2.3-h]isoquinolin-1-yl)-2-pyridinyl]- 
3-pyridinecartK>xamide 

55 

[1 1 43] The title compound was obtained from 6-chloronicotinamide by the method similar to that in EXAMPLE 409. 




10 



1 -(2-Quinolinyl)-5-{3,4,8,9-tetrahydro-6-methoxy-3,3,8,8-tetramethylfuro[2.3-h]isoquinolin-1 -yl)-2(1 H)-w^ 



Yield: 31%. 
Amorphous. 
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1H NMR(CDCl3) 5 1.26 (6H.S), 1.38 (6H.S). 2.05 (2H.S). 2.69 (2H.S), 3.93 (3H.S), 6.12 (2H br) 659{1H dJ = 96 
Hz), 6.62 (1H, s), 7.42 (1H, d. J = 5.0 Hz). 7.78 (1H, dd. J = 9.6. 2.6 Hz). 7.90 (1H. s). 8.49 (1H. d, J = 2.6 Hz). 8.59 



EXAMPLE 411 

-(2^:JWbro-4iDyridinyl)-3.4.8.9-tetrahydro-6-methoxy-3.3.8.84etramethylfuro[2.34i]isoquinoline 

[1144J A solution of 4-(3.4,8.94etrahydro-6-methoxy-3.3,8.8-tetramethylfuro[2,3-h]isoquinolin-1-yl)pyridine 1-oxide 
(2.4 g. 6.8 mmol) in phosphorus oxychloride (20 mL. 21 0 mmol) was heated under reflux for 30 minutes The reaction 
solution was cooled to room temperature, and then poured into ice water. After the mixture was made alkaline with an 
aqueous solution of «Gdiani'hydroxide^ the'Gfganfc'nTatere*was=exb^ 

with brine and dried over sodium sulfate, and then the solvent was distilled off under reduced pressure The resultant 
residue was purified by a column chromatography on a basic silica gel (hexane/ethyl acetate 5:1 followed by 3 1) to 
obtain cmde crystals. The crude ciystals were recrystallized from ethyl acetate-hexane to obtain, as amain product 
the title compound (0.84 g. Yield: 33%). ' 
Melting point: 1 39-1 40 'C. 

'H NMR (CDCI3) 5 1.26 (6H. s). 1.37 (6H. s), 2.30 (2H, s). 2.70 (2H. s). 3.93 (3H. s). 6.64 (1H, s). 7 27 (1H dd J = 
5.2, 0.8 Hz), 7.43 (1 H. d. J = 0.8 Hz). 8.44 (IH.d, J = 5.2 Hz). 



EXAMPLE 412 



1-(3<;hloro-4i>yridinyl)-3,4,8.9-tetrahydro-6-methoxy-3,3,8,8-tetramethylfuro[2.3-h]isoquinoline 

[1145] Similarly to EXAMPLE 411, the title compound was obtained as a by-product Yield: 8% 
Melting point: 126-128 °C (hexane). 

1H NMR (CDQa) S 1.23 {3H. s). 1.30 (3H. s). 1.35 (3H. s). 1.38 (3H. s). 2.05 (2H. s). 2.69 (1H. d, J = 15 7 Hz) 2 80 
(1H, d. J = 15.7 Hz). 3.92 (3H. s). 6.62 (IN. s). 7.31 (1H. d. J = 4.8 Hz), 8.58 (1H. d. J = 4.8 Hz), 8.63 (1H, s). * 

EXAMPLE 413 



2-(2-Oxo-4-(3,4,8.9-tetrahydro-6-methoxy-3.3,8.8-tBtramethylfuro(2.3-h]isoquinolin-1-yl)-1(2H)-pyridinvll- 
4-pyridinecarfooxamide 

n!f*' A solution of 1-(2-chloro-4-pyridinyl)-3,4.8,9-tetrahydro-6-methoxy-3,3,8,8-tetramethylfuro[2,3-h]isoquinoline 
(1.0 g, 2.7 mmol). 4-pyndinecafboxamide 1-oxide (2.9 g. 21 mmol). 25% hydrogen bromide/acetic acid solution (1 0 
mL) and acetic acid (5.6 mL) in xylene (1 0 mL) was heated under reflux for 9 hours. The reaction solution was cooled 
to room temperature, and the reaction mixture was poured into water. After the mixture was made weakly alkaline with 
8 M aqueous solution of sodium hydroxide, the organic material was extracted with ethyl acetate. The extract was 
washed with bnne and dried over sodium sulfate, and then the solvent was distilled off under reduced pressure The 
resultant residue was purified by a column chromatography on a basic silica gel (chlorofomVmethanol 50:1 followed 
by 20:1) to obtain cmde crystals. The resultant crude crystals were recrystallized from ethyl acetate-diisopropyl ether 
to obtain the title compound (0.22 g. Yield: 17%). 
Melting point: 1 74-1 75 °C. 

^ ^ ^ 2-^^ <2H, S). 2.76 (2H, s). 3.93 (3H. S). 6.12 (1H, br). 6.43 (1 H. d. J = 7.3 

/?u ! f ® ^® 6-7-39 (1H. br). 7.78 (1H, d. J = 4.4 Hz). 8.01 (1H. d, J = 7.3 Hz). 8.33 (1H. s). 8.67 

(in, J = 4.4 Hz). 



EXAMPLE 414 



1-(2-Pyridinyl)-4-(3,4,8,9-tetrahydro-6-metho>cy-3,3.8,8.tetramethylfuro^^ 

[1147] The title compound was obtained from pyridine 1-oxide by the method similar to that in EXAMPLE413, Yield: 

56%. 

Amorphous. 

^H NMR (CDCI3) 8 1.25 {6H. s), 1.42 (6H. s). 2.69 (2H. s). 2.78 (2H. s), 3.93 (3H. s). 6.39 (1H dd J = 7 1 1 8 Hz) 
6.62-6.67 (2H. m), 7.30-7.37 (1 H. m), 7.80-7.89 (1 H. m), 7.96-8.00 (2H, m), 8.57-8.60 (1 H, m). 
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EXAMPLE 415 

1-(2<)uinofinyl)-4-(3.4.8.94etrahydro-6.methoxy-3.3.8.8-tetfamelhylfuro^^ 

[1148] The titlecompound was obtained from quinoline 1 -oxide by the method similar to that in EXAMPLE 41 3 Yield* 
24%v 

V Melting'point: 1 75-1 76 *C (ethyl acetate-hexane). 

^ 1H NMR (CDCI3) 5 1 .26 (6H. s). 1 .44 (6H. s), 2,70 (2H. s). 2.82 (2H, s). 3.94 (3H. s). 6.45 {1H, dd J = 7 4 1 8 Hz) 
6.63 (1 H. s). 6.70 (1 H. d. J = 1 A Hz). 7.61 (1H, td, J = 7.6, 1.2 Hz). 7.77 (1 H. td, J = 8.4. 1 .4 Hz). 7.90 (1 H d J = 8 4 
Hz). 7.99-8.16 (3H.m), 8.27 (IH.d. J = 8.8 Hz). 

EXAMPfcE'416'v 

3.4,8,9-Tetrahydro-6-methoxy-1-(4-methoxyphenyO-3,3-dlmethylfuro[2.3-h]isoqulnoline 

[1 1 49] The title compound was obtained from 4-anisonltrile and2.3-dlhydro-7-methoxy-5-(2-methyl-1 -propenyhben- 
zofuran by the method similar to that in EXAMPLE 1 . Yield: 49%. 
Melting point: 147-148 ^'C (ethyl acetate-hexane), 

1H NMR (CDCI3) 5 1.23 (6H. s). 2.46 (2H. t. J = 8.8 Hz). 2.68 {2H, s), 3.87 (3H. s). 3.93 (3H. s). 4.37 (2H t J = 8 8 
Hz). 6.61 (1 H, s). 6.91 (2H, d. J = 8.7 Hz), 7.34 (2H. d. J = 8.7 Hz). 

EXAMPLE 41 7 

3,4.8.9-Tetrahydro-6-methoxy-3.3.9.9-tetramethyl-1-phenylfuro[2,3-h]isoqulnoline 

(1150] The title compound was obtained from benzonitrile and 2.3-dihydro-7-methoxy-3.3-dimethyl-5-(2-methyl- 
1 -propenyl)benzofuran by the method similar to that in EXAMPLE 1 . Yield: 1 .4%. 
Melting point: 1 42-1 43 (hexane-diethyl ether). 

1H NMR (CDCI3) 5 0.78 (6H. s), 1,18 (eH. s). 2.61 (2H. s), 3.93 (3H, s), 4.03 (2H. s). 6.65 (1H. s). 7.32-7.44 (5H. m). 
EXAMPLE 418 

3.3-Diethyl-3,4,8.9-tetrahydro-6-methoxy.8,8-dimethyl-1-phenylfuro[2.3-hlisoquinoline hydrochloride 

(1151] The title compound was obtained from benzonitrile and 5-(2-ethyl-1-butenyl).2,3-dihydro-7-methoxy- 
2.2-dimethylbenzofuran by the method similar to that in EXAMPLE 306. Yield: 36%. 
Melting point: 1 78-1 79 (ethyl acetate). 

^H NMR (CDCI3) 6 1.07 (6H. t, J = 7.8 Hz). 1 .33 (6H. s), 1.94-2.18 (4H. m), 2.22 (2H. s), 3,07 (2H. s). 4.01 (3H s) 
6.76 (1H.S), 7.57-7.67 (5H,m). \ ' /. 

EXAMPLE 41 9 

3,4.8.9-Tetrahydro-6-methoxy-3.3,8.8-tetramethyM-furo[2.3-h]isoquinolinecarboxylic acid methyl ester 

[1152] The title compound was obtained from methyl cyanofomiate by the method similar to that In EXAMPLE 1 

Yield: 16%. 

Melting point: 161-162 ^'C (chlorofomi-hexane). 

^H NMR (CDCI3) 6 1 .25 (6H. s), 1 .49 (6H. s). 2.65 (2H, s), 2.94 (2H, s), 3.91 (3H. s), 3.93 (3H, s). 6.55 (1 H. s). 
EXAMPLE 420 

3,4.8,9-Tetrahydro-6-methoxy-3.3.8.8-tetnamethyl-1 -furo[2.3-h]isoquinolinecarboxy1ic acid hydrochloride 

[1153] 5 M aqueous solution of sodium hydroxide was added to a solution of 3.4,8,9-tetrahydro-6-methoxy-3 3 8 8-te- 
tramethyl-1-furo[2.3.h]isoquinolinecarboxyIic acid methyl ester (1 .49 g. 4.69 mmol) in methanol (5 mL) and the mi'xture 
was stirred at 60 -^C for 5 hours. The reaction solution was made acidic with 5 M hydrochloric acid, and concentrated 
under reduced pressure. The residue was connbined with ethanol and the mixture was filtered, and the filtrate was 
concentrated under reduced pressure, and this procedure was repeated three times to obtain the title compound (1 50 
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g. Yield: 94%). 
Amorphous. 

1H NMR (DMSO-ds) 5 1 .35 (6H. s), 1 .41 (6H. s). 3.02 (2H. s). 3.1 7 (2H, s), 3.91 (3H. s). 6.99 (1 H. s). 
EXAMPLE 421 

3.4.8,9^retrahydro-6HTiethoxy-3.3.834etrame%l-N^2-(4-pyridinyOethyO-1^ 

[1 1 54] The title compound was obtained from 3,4.8,9-tetrahydro-6-methoxy-3,3,8,8-tetramethyl-l -furo[2 3-hlisoqui- 
nolinecarboxylic acid hydrochloride and 4-(2-aminoethyOpyridine by the method similar to that in Example'l59. Yie[& 
42%. 

Melting point: 1€0-16t *e (diisopropyhethep-hexane)v 

NMR (CDCia) 6 1.15 (6H. s). 1.47 (6H, s), 2.59 (2H. s), 2.93 (2H. t, J = 7.0 Hz), 3.02 (2H, s) 3 68 (2H q J = 70 
Hz). 3.89 (3H. s), 6.52 (1H, s). 6.93-7.02 (1H. m). 7.22 (2H. d. J = 6.0 Hz), 8.55 (2H. d. J = 6.0 Hz). 

EXAMPLE 422 

3,4.8,9-Tetratiydro-6-methoxy-3,3,8,8-tetramettiyl-Ni3henyl-1-furo[2,3^^^^ 

[11551 The title compound was obtained from 3,4.8,9-tetrahydro-6-methoxy-3.3.8,8-tetramethyl-1 -furo[2.3-h]isoqui- 
nohnecafboxylic acid hydrochloride and aniline by the method similar to that In EXAMPLE 159. Yield* 60% 
Melting point: 1 75-1 76 «C (ethyl acetate-hexane). 

IN NMR (CDCI3) 5 1.22 (6H.S). 1.48 (6H,s), 2.63 (2H.S), 3.21 (2H. s). 3.91 (3H. s), 6.55 (1H, s), 7.14 (1H t J = 74 
Hz),7.38(2H,d. J = 7.4Hz).7.68(2H,d,J = 7.4Hz),8.84{1H,s). 

EXAMPLE 423 

N.{1-Azabicydo[2.2.21oct-3.yI)-3,4,8.9-tetrahydro-6-methoxy.3.3.8.8-tetrarnethyl-1.furo 
fsoquinollnecarboxamide 

[1 1 56] The title compound was obtained from 3,4.8,9-tetrahydro-6-methoxy-3.3,8.8-tetramethyl-1 -furo[2 3-hlisoqui- 
nolinecarboxylic acid hydrochloride and 3-amino-1 -azabicyclo[2.2.2]octane by the method similar to that In EXAMPLE 
159. Yield: 60%. 

Melting point: 139-142 (ethyl acetate-hexane). 

1H NMR (CDCI3) 6 1.17 (3H, s). 1.19 (3H. s), 1.48 (6H. s), 1.62-1.86 (4H. m). 2.02-2.10 (1H. m), 2.58-2.66 (1H m) 
2.59 (2H. s). 2.80-2.98 (4H. m), 3.14 (2H. s). 3.35-3.49 (1 H, m). 3.89 (3H. s). 3.97-4.08 (1H. m). 6.te (1 H. s), 6.96 (1 H, 
d, J = 7.2 Hz). 

EXAMPLE 424 

3,4,8,9-Tetrahydro-6-methoxy-3.3-dimethyl-1-(2-thienyl)furo[2.3-h]isoquinoline 

[1157] The title compound was obtained from 2.3-dihydro-7-methoxy-5-(2-methyl-1-propenyl)benzofuran and 2.thi- 
ophenecarbonitnle by the method similar to that In EXAMPLE 368. Yield: 23%. 
Melting point: 122-125 ''C (hexane). 

^H NMR {CDCI3) 6 1.23 (6H, s). 2,67 (2H, s), 2.73 (2H. t. J = 8.6 Hz), 3.93 (3H, s). 4.43 (2H, t, J = 8.6 Hz). 6.60 (1 H 
s). 7.01 -7.09 (2H, m). 7.35 (1 H, dd, J = 5.0. 1 .4 Hz). /• v - 

EXAMPLE 425 

3\4'-Dihydro-6'-methoxy-3'.3'-dimethyl-V-phenylspiro[cyclopentane-1,8'(9'H)-furo[2.3-h]isoquinolinel 

[1 158] A solution of benzonitrile (0.700 g. 6.50 mmol) In toluene (5 mL) and acetic acid (5 mL) was treated dropwise 
with cone, sulfuric acid (0 .6 mL) with cooling in ice. The Ice bath was removed, and a solution of 7.methoxy-5-(2-methyI- 
1 -propenyl)splro[ben2ofuran-2(3H),r-cyclopentane] (1 .29 g.. 5.00 mmol) in toluene (5 mL) was added to the mixture 
and the mixture was stirred at 80 for 1 hour. The reaction mixture was combined with ice. and the aqueous layer 
was neutralized with cone, aqueous ammonia, and extracted twice with ethyt acetate. The combined organic layer was 
washed with water and brine, dried over sodium sulfate, filtered and concentrated under reduced pressure. The residue 
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was subjected to a column chromatography on a base silica gel (hexane/ethyl acetate 10:1) and recrystallized from 
ethyl acetate-hexane to obtain the title compound (0.87 g. Yield: 48%). 
Melting point: 130-131 *'C. 

1H NMR (CDCy 5 1 .25 (6H. s). 1 .43-2.05 (8H. m), 2.32 (2H. s), 2.69 (2H. s). 3.91 (3H, s). 6.60 (1 H, s), 7.38 (5H, s). 
EXAMPLE 426 

- 3\4'-Dihydro-6'-methoxy-3\3'-dimethyl-1'-(2-thienyl)spiro[cyclopemane-1,8'(9'H)-furo[2 

[1159] The title compound was obtained from 2-thiophenecafbonitrile by the method similar to that in EXAMPLE 
425. Yield: 28%. 

Melting»pofnt: 142-1 43^^e'{ethyl*acetate-hexa«e>^ 

1H NMR (CDCIa) 5 1 .22 (6H. s), 1 .54-2.10 (8H. m), 2,65 (2H, s). 2.67 (2H. s). 3.92 (3H. s). 6.59 (1H, s). 7.03 (1H dd 
J = 6.0. 3.6 Hz), 7.07 (1 H. dd, J = 3.6, 1 .4 Hz), 7.35 (1 H. dd, J = 5.0. 1 .4 Hz). ' * 

EXAMPLE 427 



4-{3'.4'-Dihydro-6'-methoxy-3',3'<limethylspiro[cyclopentane-l ,8"(9'H)-furo[2,3-h]isoquinoline]-1 '-yllpyridine 1 -oxide 

[1 160] The title compound was obtained from 4-cyanopyiidine 1 -oxide by the method similar to that in EXAMPLE 
425. Yield: 12%. 

Melting point: 205-207 ^'C (ethyl acetate-hexane). 

NMR (CDCy 5 1 .23 (6H, s). 1 ,47-2.09 (8H. m), 2,56 {2H, s). 2.67 (2H. s). 3.92 (3H. s), 6,62 (1 H. s). 7 39 (2H d 
J = 5.0 Hz). 8.24 (2H,d. J = 6,0 Hz). ■ v . . 



EXAMPLE 428 



8,8-Diethyl-3.4.8,9-tetrahydro-6-methoxy-3,3-dimethyl-1-phenylfuro[2,3-h]isoquinoline hydrochloride 

[1161] A solution of benzonitrile (0.670 g. 6.50 mmol) in toluene (5 mL) and acetic acid (5 mL) was treated dropwise 
with cone, sulfuric acid (0.6 mL) with cooling In ice. The ice bath was removed, and a solution of 2.2-diethyl-2.3-dihydro- 
7-methoxy-5-(2-methyl-1-propenyl)benzofuran (1 .30 g, 5.00 mmol) in toluene (5 mL) was added to the mixture and 
the mixture was stirred at 80 «C for 1 hour. The reaction mixture was combined with ice, and the aqueous layer was 
neutralized with cone, aqueous ammonia, and extracted twice with ethyl acetate. The combined organic layer was 
washed with water and brine, dried over sodium sulfate, filtered and concentrated under reduced pressure. The residue 
was subjected to a column chromatography on a basic silica gel (hexane/ethyl acetate 10:1) to obtain a free base of 
the title compound. This was combined with 3.35 M hydrogen chloride/ethanol solution (9.61 mL). and the mixture was 
concentrated under reduced pressure. The residue was crystallized from diethyl ether, and the crystals were recrys- 
tallized from ethyl acetate to obtain the title compound (0.69 g. Yield: 35%). 
Melting point: 167-169 ''C. 

IH NMR (CDCI3) 5 0.78 (6H, t. J = 7.4 Hz). 1.58 (2H, q, J = 7,4 Hz), 1 .60 (2H, q, J = 7.4 Hz), 1 .70 (6H, s), 2.20 (2H 
s). 3.02 (2H. s). 4.02 (3H, s). 6.73 (1H. s). 7.28-7.72 (5H. m). 

EXAMPLE 429 



8.8-Diethyl-3,4,8,9-tetrahydro-6-methoxy-3.3-dlmethyl-l-(2-thlenyl)furo[2.3-h]isoquinoline hydrochloride 

[1162] The title compound was obtained from 2-thiophenecafbonitrile by the method similar to that in EXAMPLE 
428. Yield: 20%, 

Melting point: 152-154 «C (ethyl acetate-diethyl ether). 

1H NMR (CDCI3) 6 0.84 (6H, t. J = 7.4 Hz). 1.60-1.72 (4H. m), 1.66 (6H, s). 2.56 (2H, s), 2.98 (2H. s). 4.02 (3H, s), 
6.71 (1H. s). 7.29 (1H, dd. J = 4.8, 3.8 Hz). 7.81 (1H, dd, J = 4.8. 1 Z Hz), 8.06 (1H, dd. J = 3.8. 1.2 Hz). 

EXAMPLE 430 



4-(8.8-Diethyl-3.4.8.9-tetrahydro-6-methoxy-3.3-dimethylfuro[2.3-h]isoquinolin.1 -yl)pyridine 1 ^xide hydrochloride 
[1 163] The title compound was obtained from 4'Cyanopyridine 1 -oxide by the method similar to that in EXAMPLE 
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428. Yield: 4%. 
Melting point: 184-186 'C (ethyl acetate). 



1H NMR (CDCy 5 0.84 (6H, t. J = 7.4 Hz). 1 .60-1 .73 (4H. m). 1 .67 (6H. s). 2.43 (2H. s). 3.03 (2H s) 4 04 (3H 
6.75{1H.s).7.74(2H.d.J=6.8Hz).8.34{2H.d.J=6.8Hz). ■ s^. t<:n. s,. 4.04 (3H. s). 



I: 



6.Vo (in. sh A/4 cifM, a, J = 6.8 Hz), 8.34 {2H. d, J = 6.8 Hz). 
EXAMPLE 431 



1-(6Methy|.2-quinolinyl)-5-(3.4.8,9-tetrahydfo-6-methoxy.3.3,8.8-tet^^^ 
pyridinone j r \ i 

' o^°'"*'°" *f '^-I2-(2.3-<lihydro-7-fnethoxy-2.2-dimethyl-5-benzofuranyl)-l,l-dimethylethylM.6-dihydro- 
1-{6-metJiyi-^2H,t«nol.nyl)^xo-3^yridin€eafbGxamidff=(«..7&gf.t.4».m^ 

mmol) was heated under reflux for 4.5 hours. The reaction solution was cooled to room temperature, and the reaction 
niDcture was poured into water. After the mixture was made weakly alkaflne with 8 U aqueous solution of sodium 
hydroxide, and the organic material was extracted with ethyl acetate. 77ie extract was washed with brine and dried 
over sodium sulfate, and then the solvent was distilled off under reduced pressure. The resultant residue was purified 
by a column chromatography on a basic silica gel (hexane/ethyl acetate 2:1 followed by 1 :1) to obtain crude avstals 
Sc^T^r' '^''^ "^'^ recrystallized from hexaneHliisopropyl ether to obtain the title compound (0^3 g.' 
Melting point: 201-202 *C (hexane-diisopropyl ether) 

1H NMR (CDCy 5 1.21 (6H. s). 1.51 (6H. s). 2.56 (3H. s). 2.65 (2H. s). 2.98 (2H. s). 3.94 (3H. s). 6.62 (1H. s). 6.73 
EXAMPLE 432 

1-(6-Chtoro-3-pyridinyl)-3.4,8,9-tetrahydro-6-methoxy-3,3.8.8-tetramethylfuro[2.3-hlisoquinoline 

' ""^."^P"""*^ *^ <*teined from 6-chloro-N-(2-(2.3-dihydro-7-methoxy-2.2-dimethyl-5-benzofuranyl)- 
1 ,1-dimethylethylJ-3-pyndinecarboxamide by the method similar to that in EXAMPLE 431 Yield 40% 

ii'zW ?4 n'??d*.'-^7 !f ^ ?M\'fSf ^ ^-^^ ^-^^ ^-SS <^ H. d. J = 7.8 

Hz). 7.74 (1 H, dd. J = 7.8, 2.2 Hz), 8.42 (1 H, d. J = 2.0 Hz). 

EXAMPLE 433 

|[5-[3-(3,4 8,9Tetrahydr^^ 
2,2'dimethylpropanoate 

ri1661 3-(1 H-Tetrazol-S-yl)benzonltrile (0.587 g. 3.4 mmo|) was suspended in toluene (5 mL) and acetic acid (5 mL) 
Whitecoolingin,ceconc.sulfuricacid(0.4mL)fonowedbyasolutionof1-p 

zofuranyl)-2-methyl-1-propanol (0.751 g. 3.0 mmol) in toluene were added thereto and the mixture was stin'ed at 80 
Cfor3 hours. The reaction mixture was combined with ice water. foBowed by an aqueous solution of sodium hydrogen 
ca*onate to adjust at pH 4. and then extracted three times with tetrahydrofuran. The extract was washed with brine 

aSXrlLTr,; ""'^f ^' ^ ° '='"°™'"ethyl pivalate (1 .04 mL. 7.2 mmol) were 

added hereto and the mixture was stirred at room temperature for 18 hours. The reaction mixture was combined with 
ice water andextractedtwicewith ethyl acetate. The extract was washed with brine, dried over sodium sulfate filtered 
T> ""Pi^' '^"'^'^ "^^ '^^'"^"^ ""^^ subjected to a column chromatography on a silica gel' 

H H 'Z^'"'^'^''^ <2:1) to collect the intended fraction, which was concentrated and recrystallized from 

diethyl ether/hexane (1 : 1 ) to obtain the title compound (0. 1 22 g. yield: 7 8%) 
Melting point: 134-136 °C. 

1^h'!T7TsM^^^^ ' ' '^^ ^-^^ ^ ^'^^ ^-^2 (2H. s). 6.64 
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EXAMPLE 434 

5^3-{3,4,8.9-Tetrahydro-6HTiethoxy-3,3.83-tetramemyIfurp[2,3-h]isoq -yl)phenyll-1 H-tetrazole-1 -acetic acid 

sodium salt 

5 

\[116^ ^ 5-(3-Cyanophenyl)-1 H-tetrazole-1 -acetic acid methyl ester (0.730 g, 3.0 mmoQ was dissolved In toluene (5 
- mL) and acetic acid (5 mL), and, while cooling in ice, cone, sulfuric acid (0.4 mL) followed by a solution of 1 -(2,3-dihydro- 
• 7-methoxy-2,2-dimethyl-5-ben2ofuranyl)-2-methyl-l-propanol (0.751 g, 3.0 mmol) in toluene were added thereto and 
the mixture was stirred at 80 **C for 4 hours. The reaction mixture was combined with ice water, and washed with diethyl 
10 ether. The aqueous layer was combined with aqueous solution of sodium hydrogen carbonate to adjust at pH 7, and 
subjected to a column chromatography on a polystyrene gel [MCI GEL CHP20P (MfTSUBISHI KASEI KOGYO)l, eluted 
witlvethanol/water (3r7) tCHX)lte€t= the intended#aettanf^ whiclrwasHSoneentpat^^ 
dried to obtain the title compound (0.68 g, Yield: 47%). 
Melting point: 180 •C. 

15 IH NMR (DMSOkJs) 51.17 (6H, s), 1 .19 {6H, s), 2.26 (2H. S), 2.67 (2H, s). 3.82 (3H. s), 4.97 (2H. s), 6.83 (1H, s), 
7.4-8.2 (4H, m). 

EXAMPLE 435 

20 3,4.8,9-Tetrahydro-6-methoxy-8,8-dimethyl-1 -phenylfuro[2,3-h]isoquinoline hydrochloride 

[1168] Phosphoms oxychloride (3.4 mL, 36 mmol) was added to a suspension of N-[2-(2,3-dihydro-7-methoxy- 
2,2-dimethyl-5-benzofuranyl)ethyl]benzamide (2.93 g, 9.00 mmol) in xylene (30 mL) and the mixture was heated under 
reflux for 6 hours, and then stirred at room temperature for 1 5 hours. The reaction mixture was cooled with ice, combined 

25 with 5 M solution of sodium hydroxide (35 mL) and poured into ice water (1 00 mL). The aqueous layer was extracted 
twice with diethyl ether, and the combined organic layer was extracted twice with 2 M hydrochloric acid. The combined 
aqueous layer was neutralized with 5 M aqueous solution of sodium hydroxide, and extracted three times with diethyl 
ether. The combined organic layer was washed with a brine, dried over sodium sulfate, filtered, and concentrated under 
reduced pressure. The residue was subjected to a column chromatography on a silica gel (hexane/ethyl acetate 2:1 

30 followed by 1:2) to obtain a free base of the title compound. This was dissolved in ethyl acetate (15 mL), combined 
with 4 M hydrogen chloride/ethyl acetate solution (3 mL), and the precipitated solid was recovered by filtration and 
washed with diethyl ether to obtain the title compound (2.10 g, Yield: 68%), 
Melting point: 213-215 '^C. 

NMR (CDCy 6 1.36 (6H, s), 2.35 (2H, s), 3.08 (2H, t, J = 7.3 Hz). 3.96-4,08 (2H, m), 4,02 (3H. s). 6,82 (IH, s), 
35 7.54-7.77 (5H, m). 14.50-14.80 (1 H. br). 

EXAMPLE 436 

3,4,8,9-Tetrahydro-6-methoxy-3,8,8-trimethyf-1-phenylfuro(2,3-h)isoqulnollne 

40 

[1 1 69] The title compound was obtained from N-[2-(2,3-dihydro-7-methoxy-2,2-dimethyl-5-benzof uranyl)-1 -methyl- 
ethyljbenzamide by the method similar to that in EXAMPLE 431. Yield: 71%. 
Melting point: 133-134 **C (hexane-dusopropyl ether). 

NMR (CDCI3) 6 1 .29 (3H. s), 1 .35 (3H. s), 1 .47 (3H, d, J = 7.0 Hz). 2.17-2.25 (2H, m), 2.44-2.73 (2H, m), 3.47-3.66 
(IH, m). 3.92 (3H, S), 6,65 (1 H, s). 7.40 (5H, S). 

EXAMPLE 437 

3.4,8,9-Tetrahydro-6-methoxy-3,8,8-trimethyl-1-(4-pyridinyl)furo[2,3-h]isoquinoline 

50 

[1 170] The title compound was obtained from N-[2-(2,3-dihydro-7-methoxy-2.2-dimethyl-5-benzofuranyl)-1 -methyl- 
ethyl]-4-pyridinecarboxamide by the method similar to that in EXAMPLE 431 . Yield: 24%. 
Melting point: 135-136 "C (hexane-diethyl ether). 

1H NMR (CDCI3) 8 1.30 (3H, s), 1 .37 (3H, s), 1 .47 (3H, d, J = 6,8 Hz), 2.19-2.37 (2H, m), 2.45-2.75 (2H, m), 3,51-3.66 
^ (IH. m), 3.93 (3H, s), 6.67 (1 H. s). 7.37 {2H. d, J = 5.8 Hz), 8.68 (2H, d. J = 5.8 Hz). 
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EXAMPLE 438 

3.4.8,9-Tetrahydro-6-methoxy-8.8-climethyl-1 -phenyl-3-furo[2.3-h]isoquinolinecart)oxylic add methyl e^er 

I1 171 1 A mixture of o-(benzoylamino)-2.3-dihydro-7-methoxy-2,2-dimethyl-5-ben2ofuranpropanoic acid methyl ester 
(2.81vg, 7.33 mmol) and phosphorus oxychloride (1 5 mL) was stirred at 1 00 °C for2.5 houre. The reaction mixture was 
concentrated under reduced pressure, and the residue was combined with ice and ethyl acetate. The resultant mixture 
was neutralized with cone, aqueous ammonia and the organic layer was separated, and the aqueous layer was ex- 
tracted with ethyl acetate. The combined organic layer was washed twice with water, and then concentrated under 
reduced pressure. The residue was subjected to a column chromatography on a silica gel (hexane/ethyl acetate 2 1 
1:Uollowed by 1:2) and crystalfized from ethyl acetate-diisopropyl ether to obtain the title compound (1 .41 g. Yield: 
53%). 

Melting point: 1 82-1 84 "C. 

iH NMR (CDCI3) 5 1.29 (3H. s). 1.35 (3H. s), 2.20 (1H. d. J = 16.3 Hz). 2.31 (1H. d. J = 16.3 Hz) 2 86-3 10 (2H m) 
3.82 (3H, s). 3.93 (3H. s), 454 (1H, dd, J = 12.0. 6.6 Hz). 6.69 (IH. s). 7.35-7.S1 (5H. m). 

EXAMPLE 439 

N^3^(3.4.8^-Tetrahydro-6^nethoxy-3.3.8.8-tetramethylfuro[2.3-hIisoquinolin-1-yl)[1.1'.blphenyO-4-yl]propanamide 

^^V^l ,I^^,f'®?'^P°""'^'^^^°'''^'"^^f''°'"3'-(3.4,8.9-tetrahydro-6-methoxy-3.3.B.8-tetrame%^^^ 
nolin-1-yl)(1,1 -biphenyl)-4-amine and propionyl chloride by the method similarto that in EXAMPLE 30 Yield- 92% 
Melting point: 1 76-1 84 "C (ethyl acetate-diethyl ether). 

1H NMR (CDCI3) S 1.20-1.32 (3H. m). 1.27 (6H. s). 1.29 (6H. s). 2.26 (2H. s). 2.40 (2H. q. J = 7.6 Hz) 2 71 (2H s) 
3.93 (3H.S). 6.63 (1H.S). 7.26-7.68 (9H.m). o nz,. ^./i (2H. s). 

EXAMPLE 440 

Ni3^(3.4,8.9-Tetrahydro-6HTiethoxy-3,3.8.8-tetramethylfurot2.3-h]lsoquinolin-1-yl)fl,r-biphenvn-4-vll- 
2,2-dimethylpropanamide yi 

^^V^l ,I^^,""^?'"P°""'^*^^°'''^*"^*'f^°^3^(3.43.9-tetrahydro-6-methoxy-3.3.8.8^^^ 

nolin-1 -yl)[l ,1 -biphenyl)-4-amine and trimethylacetyl chloride by the method similarto that in EXAMPLE 30 Yield- 68% 

Melting point: 189-1 93 'C (ethyl acetate-diethyl ether-hexane) ' 

(on, mj. / .OO-/.70 (on. m). 
EXAMPLE 441 

[1174] A solution of 3^(3.4.8,9-tetrahydro-6-methoxy-3,3,8.8-tetramethylfuro(2,3-h]isoquinolin-1-yl)[1,r-blphenylI- 
4^e (192 mg. 0450 mmol) andtriethylamine (82 ^L. 0.59 mmol) in tetrahydrofuran (1 mL) was treated dropwise 
wtth tnfluoroacetic anhydride (70 jiL, 0.50 mmol) with cooling in ice. and stirred at the same temperature for 1 0 minutes 
TTie reamion mixture was combined with water and a saturated aqueous solution of sodium hydrogen carbonate, and 
extracted twice with ethyl acetate. "Rie combined organic layer was washed with brine, dried through sodium sulfate 
and concentrated. The residue was crystallized from ethyl acetate-hexkne to obtain the title compound (222 mg. Yield! 

S4 rt»). 

Melting point: 149-154 °C. 

1^ « « ao^!fJ 'f^ ' 2-^® <2H. s). 3.94 (3H. s). 6.65 (IH. s). 7.29-7.59 (8H. 

(in, m). 

EXAMPLE 442 

N^3^(3,4.8,9Tetrahydro-6-methoxy-3.3.8.8-tetramethylfuro[2.3-hIisoquinolin-1- 

[1175] The title compound was obtained from 3'-(3.4.8.9.tetrahydro-6-methoxy.3.3.8.8-tetramethyIfuro[2.3-hJisoqui. 
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nolin-1 -yl)[1 ,1 •-biphenyll-4-amine and benzoyl chloride by the method similar to that in EXAM PLE 30, Quantitative. 
Melting point: 204-207 ^'C (ethyl acetate-hexane). 

1H NMR (CDCI3) 6 1,27 (6H. s). 1 .30 {6H, s). 2,27 (2H, s), 2,71 (2H, s), 3.93 (3H, s), 6.63 (1H. s). 7.34-7.38 (1H, m). 
7,42-7.64 (8H. m). 7,67-7.73 (2H. m). 7.87-7,92 {2H, m), 7.94-8.07 (1H, m). 

5 

^ EXAMPLE 443 

I3'-(3,4,8,9-tetrahydro-6-methoxy-3,3,8,8-tetramethylfuro[2,3-h]isoquinolin-1 -yl)[1 ,r-biphenyl]-4-yl]carbamic acid 
methyl ester' 

10 

[1 1 76] A solution of sodium carbonate (72 mg, 0.68 mmol) in water (0.5 mL) was added to a solution of 3'-(3,4, 8,9-tet- 
rahydro-6-methoxy-3,3i8,8^etramethylfwo(2t3-h]isoquiiwii{^^ 

rahydrofuran (1 mL), and while cooling in ice, methyl chlorofomiate (43 jiL, 0.54 mmol) was added thereto, and the 
mixture was stirred at the same temperature for 15 minutes. The reaction mixture was combined with water, and ex- 
's tracted twice with ethyl acetate. The combined organic layer was washed with water and brine, dried over sodium 
sulfate, filtered and concentrated under reduced pressure. The residue was crystallized from ethyl acetate-diethyl ether 
to obtain the title compound (165 mg, Yield: 76%). 
Melting point: 129-133 *C. 

NMR (CDCI3) 6 1.27 (6H. s). 1,30 (6H. s). 2.26 (2H, s). 2.71 (2H. s), 3.79 (3H. s). 3.93 (3H, s), 6.63 (1H, s). 6.69 
20 (1H, br s), 7.34 (1H, dt, J = 7.7, 1 .5 Hz), 7.39-7.49 (3H, m), 7.52-7.63 (4H, m). 

EXAMPLE 444 

N^3'-(3,4,8,9-Tetrahydro-6-methoxy-3.3,8,8-tetramethylfuro[2,3-h]isoquinolln-1-yl)[1,V-biphenyl]^^^ 

25 

[11 77] Formic acid (0.5 mL) was treated dropwise with acetic anhydride (0, 1 3 mL, 1 .4 mmol) with cooling in ice, and 
the mixture was stirred at the same temperature for 30 minutes, 3'-(3,4,B,9-Tetrahydro-6-methoxy-3,3,8,8-tetrameth- 
y«uro[2,3-h]isoquinolin-1-yl)[1 ,1'-biphenyl]-4-amlne (192 mg.0,450 mmol) was added to the resultant solution and the 
mixture was stinted at room temperature for 1 .5 hours. To a suspension of sodium hydrogen carbonate (1 .85 g, 22.0 
30 mmol) in water-ethyl acetate, the reaction mixture was added dropwise, and the mixture was extracted twice with ethyl 
acetate. The combined organic layer was washed with water and brine, dried over sodium sulfate, filtered and con- 
centrated under reduced pressure. The residue was crystallized from ethyl acetate to obtain the title compound (196 
mg, Yield: 96%). 
Melting point: 129-133 'C. 

35 1 H NMR {CDCI3) 5 1 24-1 ,32 (1 2H. m), 2.26 (2H, s). 2.73 (2H, s), 3.93 (3H, s). 6.63 (1 H, s), 7.05-7.1 7 (1 H, m). 7.32-7.64 
(8H, m). 8.36 (0.6H. d, J = 1 .8 Hz), 8,72 (0.4H, d, J = 1 1 .2 Hz). 

EXAMPLE 445 

^ 2-(Acetylamino)-N-[3'-(3,4.8,9-tetrahydro-6-methoxy-3,3.8,8-tetramethylfuro[2,3-h]isogulnolin-1 -yl)[1 ,1 '-biphenyl]- 
4-yl]acetamide 

(1 1 78] 1 -Ethyl-3-(3-dimethylaminopropyl)cafbodilmide hydrochloride (1 00 mg, 0.522 mmol) was added to a solution 
of 3'-(3.4,8.9-tetrahydro-6-methoxy-3,3,8,8-tetramethylfuro[2.3-h]isoquinolin-1 -yl)[1 ,1 '-biphenyl]-4-amine (171 mg, 

45 0.401 mmol), N-acetytglycine (52 mg, 0.44 mmol) and 1 -hydroxy-1 H-benzotriazole (68 mg, 0.44 mmol) in N.N-dimeth- 
ylfomiamide (0.6 mL) and the mixture was stirred at room temperature for 1 6 hours. The reaction mixture was combined 
with water and a saturated aqueous solution of sodium hydrogen carbonate, and extracted twice with ethyl acetate. 
The combined organic layer was washed with water and brine, dried over sodium sulfate, filtered and concentrated 
under reduced pressure. The residue was recrystallized from chtoroform-diethyl ether to obtain the title compound (1 82 

so mg, Yield: 86%). 

Melting point: 218-221 

1H NMR (CDCI3) 6 1.28 (6H, s), 1 .29 (6H. s), 2.10 (3H, s). 2.52 (2H, s), 2.73 (2H. s), 3.93 (3H, s), 4.08 (2H, d, J = 5,4 
Hz), 6.45-6.55 (1 H, m), 6.63 (1 H, s). 7.31 -7.36 (1 H, m). 7.43 (1 H. t, J = 7.7 Hz). 7.49-7.60 (6H, m), 8.73-8.87 (1 H, m). 
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EXAMPLE 446 

N-Methyl-N43'-(3.43,9-tetrahydro-6^iiemoxy-3,3.8.8-tetramethylfuro^^ 

[1179] A solution of 3'-(3A8,9-letrahydro-6>methoxy-3,3.8.8-tetramethylfuro[2.3«h]isoquinolin-1-^^ V-biphenyl]- 
4.amine (1 71 mg. 0.401 mmol) in chlorofonn (1 mL) was treated dropwise with methyl isocyanate (26 hl' 0 44 mmol) 
^. and stirred at room temperature for 3.5 hours. The reaction mixture was concentrated under reduced pressure and 
the residue was subjected to a column chromatography on a basic silica gel (ethyl acetate) to obtain the title compound 
(186 mg, Yield: 96%). 
Amorphous. 

1H NMR (CDCy 5 1 .29 (12H. s). 2.25 (2H, s). 2.74 (2H, s). 2.77 (3H. d. J = 4.5 Hz). 3.93 (3H, s). 5.05 (1H brs) 6 64 
(4H./s)i^R«fr(1H;br^.7:^^.^P+,iT^;A38=^;4S-^3H^^r^^ ' 

EXAMPLE 447 

4-Oxo-4-ff3^(3,4.8,9-tetrahydro-6-memoxy-3.3.8.8-tetramethylfuro[2,3-h]isoquinolin-1-^^^ 

butyric acid r i , 1 1 j 

[1180] A solution of succinic anhydride (45 mg. 0.45 mmol) in tetrahydrofuran (0.5 mL) was added to a solution of 

3'-(3,4.8.9-tetrahydro-6-methoxy-3,3,8.8-tetramethylfuro[2.3-h]isoqulnolln-1-yl)[1.r-biphenylJ-4-amine(192mg 0 450 
mmol) m tetrahydrofuran (1 mL) and the mixture was stirred at 50 -C for 2.5 houre. The reaction mixture was concen- 
trated under reduced pressure, and the residue was subjected to a column chromatography on a silica gel (chlorofonn 
followed by chlorofonn/methanol 5:1) to obtain the title compound (219 mg. Yield: 92%). 
Amorphous. 

1H NMR (CDCI3) S 1 .26 (6H. s), 1 .38 (6H, br s), 2.24 (2H. s). 2.46 (4H. br s). 2.81 (2H. s). 3.94 (3H. s). 6 65 (1H s) 
7.25-7.60 (7H,m). 7.61 (1H.S). 9.45-9.75 (1H.br). * . s;. o.k, pn. s). 

EXAMPLE 448 

N-Methyl-N-{3'-(3.4.8.9-tetrahydio-6-methoxy-3.3.8,8-tetramethylf uro[2.3-h]isoquinolin-1 -yl)ri 1 ■-biphenvll-4-vll 
acetamide ' 

[1 181] The title compound was obtained from N-[3*-(3,4.8,9-tetrahydro-6-methoxy-3,3,8.8-tetramethylfuro[2 3-h]iso- 
quinolin-1-y1)[1.V-biphenyl]-4-yl]acetamide by the method similarto that in EXAMPLE 74. Yield 79% 
Amorphous 

^ ^ (3H. s). 2.26 (2H. s). 2.71 (2H. s). 329 (3H. s). 3.93 (3H. s). 6.63 

(IN. s). 7.20-7.30 (2H. m). 7.34 {1H. dt. J= 7.6. 1.5 Hz). 7.48 (1H. t. J = 7.6 Hz). 7.58-7.69 (4H. m). 

EXAMPLE 449 

3'-(6-Butoxy-3,4.8.9-tetrahydro-3.3.8.8-tetramethylfuro[2.3-h]isoquinolin-1-yl)t1.1'-biphenyl]-4-amine 

[11W] To a solution of 1-(3-bromophenyl)-6-butoxy-3,4,8,9-tetrahydro-3.3.8,8-tetramethylfuro(2,3-h]lsoquinolinehy- 
drochlonde(493mg.1.00mmol)in1.2-dimethoxyethane(3mL).ethanol(1.5mL)andwater(1.5mL).sodium^^ 
(265 mg. 2.50 mmoO. 4-(4.4.5.5-tetramethyl-1.3,2-dioxaborolane-2-yl)anlllne (263 mg. 1.20 mmol) and 
tet,akis(tnphenylphosphlne)palladium (0) (24 mg, 0.021 mmol) were added, and the mixture was stirred at 80 -C for 
1 4 hours. The reaction mixture was combined with water, and washed twice with ethyl acetate. The combined organic 
layer was washed with water, and extracted twice with 0.5 M hydrochloric acid. The aqueous layer was neutralized 
with cone, aqueous ammonia, and extracted twice with ethyl acetate. The combined organic layer was washed with 
water and bnne, dried over sodium sulfate, filtered and concentrated under reduced pressure. The residue was sub- 
jected to a column chromatography on a basic silica gel (hexane/ethyl acetate. 3:1 followed by 2:1). and recrystaOized 
from ethyl acetate-hexane to obtain the title compound (373 mg, Yield: 80%). 
Melting point: 148-150 °C. 

1H NMR (CDCI3) 5 0.98 (3H. t. J = 7.3 Hz), 1 .26 (6H, s). 1 .28 (6H. s), 1 .38-1 .60 (2H. m). 1 .74-1 .91 (2H. m) 22A (2H 
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EXAMPLE 450 

N^3'-(6-Butoxy-3.4.8,9-tetrahydro-3,3,8,8-tetramethylfuro[2.3-h]isoquinolin-1-y^^^ 

5 [1183] ThetitlecompoundwasobtainedfromN-3'-{6-butoxy-3,4,8,9-tetiBhydro^^ 
• noliirNl -yl)[1 ,1 '-bipheny!J-4-amine by the method similar to that In EXAMPLE 30. Yield: 95%. 
\ Melting-point: 202-204 (ethyl acetate-dlethyl ether). 
^ 1H NMR (CDCI3) 5 0.98 {3H. t, J = 7.4 Hz), 1 .28 (12H, s), 1 .38-1 .59 (2H, m), 1 .74-1 .91 (2H, m). 2.1 6 (3H, s). 2.23 (2H 
s), 2.70 {2H. s), 4.11 {2H. t. J = 6.8 Hz). 6.62 (IH, s). 7.29-7.60 (8H, m). 7.72 (1H. brs). 

10 

EXAMPLE 451 

4-Amino-3'-(3,4,8,9-tetrahydro-6-methoxy-3,33,8-tetramethytf uro[2,3-h]lsoquinolin-1 -yl)[1 J '-biphen 
acid methyl ester 

15 

[1184] A suspension of 1-(3-bromophenyl)-3.4.8,9-tetrahydro-6-methoxy-3,3,8,8-tetramethyrfuro[2,3-h]isoquinoline 
(1,66 g, 4.01 mmol), 2-amjno-5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)benzoic acid methyl ester (1 .22 g, 4.40 
mmol), sodium carbonate (637 mg. 6.01 mmol) and tetral<ls(triphenylphosphine)palladium (0) (93 mg, 0.080 mmol) in 
1,2-dimethoxyethane (12 mL), ethanol (6 mL) and water (6 mL) was stinred at 85 *C for 14 hours under nitrogen 

20 atmosphere. The reaction mixture was combined with water, and extracted twice with ethyl acetate. The combined 
organic layer was washed with water and brine, dried over sodium sulfate-basic silica gel (eluting with ethyl acetate), 
and concentrated under reduced pressure. The residue was subjected to a column chromatography on a basic silica 
gel (hexane/ethyl acetate, 3:1). The resultant material was dissolved in ethyl acetate, extracted twice with 0.5 M hy- 
drochloric acid, neutralized with cone, aqueous ammonia, and extracted twice with ethyl acetate. The combined organic 

25 layer was washed twice with water, and concentrated under reduced pressure to obtain the title compound (1 85 g 
yield: 95%). 
Amorphous, 

1H NMR (CDCI3) 5 1 .27 (6H, s). 1 .31 (6H, s), 2.28 (2H. s), 2.71 (2H. s). 3.89 (3H, s). 3.93 (3H, s). 5.79 {2H, br s), 6.63 
(IH. s), 6.73 (IH, d. J = 8.4 Hz). 7.32 (IH, dt. J = 7.3. 1,5 Hz), 7.38-7.47 (IH. m). 7.51-7.59 (3H. m). 8.11 (IH. d. J = 
30 2.2 Hz). 

EXAMPLE 452 

4-(Acetylamino)-3*-(3,4,8,9-tetrahydro-6HTiethoxy-3,3,8,8-telramethylfuro[2,3-h]isoquinolin-1-yl)[1,1'-bip^ 
35 3-carboxylic acid methyl ester 

[11 85] A solution of 4-amino-3'-(3.4,8,9-tetrahydro-6-methoxy-3,3,8,8-tetramethylfuro[2,3-h]isoquinolin-1 -yl)[1 .1'-bi- 
phenyl]-3-carboxylic acid methyl ester (1 ,43 g, 2.95 mmol) in pyridine (1 0 mL) was treated dropwise with acetic anhy- 
dride (0,28 mL, 3.0 mmol) with cooling in ice, and stinted at room temperature for 10 minutes and then at 60 •C for 1 
^0 hour. The same volume of acetic anhydride was added to the mixture, and the mixture was stirred at 100 °C for 2 
hours. The reaction mixture was combined with water and a saturated aqueous solution of sodium hydrogen carbonate, 
and extracted with ethyl acetate. The combined organic layer was washed twice with water, and concentrated under 
reduced pressure. The residue was subjected to a column chromatography on a basic silica gel (hexane/ethyl acetate, 

4:1 followedby2:1),andrecrystaillzedfromethylacetate-hexanetoobtainthetitlecompound(1.12g yield 72%) 
Melting point: 116-119 X. 

NMR (CDCI3) 6 1.27 (6H, s), 1 .31 (6H, s), 2.26 (3H, s), 2.27 (2H. s), 2.72 (2H. s). 3,93 (3H, s), 3.95 (3H, S), 6.63 
(IH. s). 7.39 (1 H, dt, J = 7.3, 1 .6 Hz), 7.47 (1 H, td, J = 7.3. 1 .2 Hz). 7.56-7.64 (2H. m), 7.79 (1 H. dd, J = 8.8. 2.4 Hz), 
8,26 (IH. d. J = 2.4 Hz), 8.78 (IH. d. J = 8.8 Hz), 11.07 (IH, brs). 

so EXAMPLE 453 

4-(Acetylamino)-3'-(3.4,8,9-tetrahydro-6-methoxy-3,3,8,8-tetramethylfuro[2,3-h]isoquinolin-1-yi)[1,r^^ 
3-carboxylic acid • • 

55 [1186] 5 M aqueous solution of sodium hydroxide (0.52 mL, 2.6 mmol) was added to a solution of 4-(acetylamino)- 
3'-(3,4,8.9-tetrahydro-6-methoxy-3,3,8,8-tetramethylfuro[2,3-h]isoquinolin-1 -yl)[1 ,1 '-biphenyl)-3-carboxylic acid me- 
thyl ester (692 mg, 1 .32 mmol) in methanol (5 mL) and the mixture was stirred at room temperature for 40 minutes and 
then heated under reflux for 10 minutes. The reaction mixture was concentrated under reduced pressure, combined 
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with water (2 mL). and neutralized by adding 2 M hydrochloric acid (1 .3 mL. 2.6 mmoO dropwise. and the precipitated 
tSe) '^"^"^ ^'^ filtration, washed with water and diethyl ether to obtain the title compound (671 mg, quan- 

Melting point: 181-186 "C. 

1H NMR (DMSO-dg) 5 1 .20 (6H, s). 1 .22 (6H. s), 2.14 (3H, s). 2.28 (2H. s). 2.76 (2H. s). 3.85 (3H. s). 6.88 (1 H. s) 7 38 
EXAMPLE 454 

N-I4'-(3,4,8,9-tetrahydro-6-methoxy-3.3.8.8-tetramethylf uro[2.3-hlisoquinolin-1 -yl)[i , i •-biphenyl]-4-yl]acetamide 

^l-®^ 4'-(4.4.5^5-Tetramethyl-1 .3,2-dioxaborolan-2-yl)acetanilid8 (116 mg. 0.444 mmol) and tetrakls(triphenylphos- 
phine)palladium (0) (11 mg. 0.0095 mmol) were added to a suspension of 1-(4-brDmophenyl)-3 4 8 9-tetrahydro- 
6-methoxy-3.3.8,8-tetramethylfuro[2,3-h]isoquinoline hydrochloride (181 mg, 0.402 mmol) and sodium Mrbonate ( 149 
mg. 1.41 mmol) in 1 ,2-dimethoxyethane (1 .2 mL), ethanol (0.6 mL) and water (0.6 mL) and the mixture was stifred at 
85 "C for 1 5 hours under nitrogen atmosphere. The reaction mixture was combined with water, and washed twice with 
ethyl acetate. The combined organic layer was washed with water and brine, and dried through sodium sulfate-basic 
silica gel (eluting with ethyl acetate) and then concentrated under reduced pressure. Tlie residue was subjected to a 
column ^romatography on a basic silica gel (hexane/ethyl acetate, 2:1 followed by 1:1). and crystallized from ethyl 
acetate-hexane to obtain the title compound (1 02 mg, yield: 54%). 
Melting point: 128-132 "C. 

1H NMR (CDCI3) 5 1^6 (6H. s), 1.33 (6H. s). 2.21 (3H, s). 2.32 (2H. s), 2.70 (2H. s). 353 (3H. s). 6.62 (1H. s). 7.23 
(1H. br s), 7.46 (2H. d. J = 8.6 Hz). 7.56-7.64 (4H,m). 7.60 (2H,d, J =8.6 Hz). 

EXAMPLE 455 

N-[4*-(3,4,8.9-Tetrahydro-6-methoxy-3,3,8.8-tetramethylfurol2.3-h]isoquinolin-1-yl)[1.1'-biphenylJ-3-yfJacetamide 

LvffL, r',V"'t*?'"P°""*^ obteined from 3-aoetamidobenzeneboronic acid by the method similar to that in 
EXAMPLE 454. Yield: 84%. 

Amorphous. 

iHNMR(CDCl3)51.27(6H.s^^ 
(on. m). /./9 (iH. brs). 

EXAMPLE 456 

343.4.8.9-Tetrahydro-6-methoxy-3.3.8.8-tetramethylfuroI2.3-h]isoquinolin-1-yl)[1.1'-biphe^^^ 

E «Vo"'^®"fv ?^ ^ -<2-^'°"^P''®"y')-3'4.8.9-tetfahydro-6-methoxy-3.3.8.8-tetramethylfuro(2.3-hlisoquinoline 
(2.81 g. 6.78 mmol), 4-{4,4,5,5-tetramethyl-1.3.2-dioxaborolan-2-yi)benzoic acid ethyl ester (2.25 g, 8 15 mmol) so- 
dium cartjonate (1.08 g. 10.2 mmol) and =.mmoi,.50 
tetrakis(Wphenylphosphine)palladium (0) (1 57 mg, 0.136 mmol) in 1 ,2-dimethoxyethane (24 mL), ethanol (12 mL) and 
water (12 mL) was stirred at 80 'C for 14 hours under nitrogen atmosphere. The reaction mixture was combined with 
water and extracted twice with ethyl acetate, "nie combined organic layer was washed with water and brine, dried 
through sodium sulfate-basic silica gel (eluting with ethyl acetate), and concentrated under reduced pressure The 
residue was subjected to acolumn chromatography on a basic silica gel (hexane/ethyl acetate. 10:1) to obtain the title 
compound (2.87g, yield: 88%). 
Amorphous. 

tH (CDCI3) 5 1 27 (6H. s). 1 .30 (6H. s). 1 .42 (3H. t, J = 7.1 Hz), 2.26 (2H. s). 2.72 (2H, s). 3.93 (3H. s). 4.40 (2H. 
q. J - 7.1 Hz). 6.63 (1H,s). 7.37-7.54 (2H.m). 7.62-7.71 (4H.m). 8.10 (2H.d. J = 8.4 Hz). 

EXAMPLE 457 

3^(3.4.8.9-Tetrahydro-6-methoxy-3.3,8.8-tetramethylfuro[2.3-hlisoquinolin-1-yl)[1.1^biphenyll^carboxylicad^ 

H 1 90] 1 M aqueous solution of sodium hydroxide (20 mL. 20 mmol) was added to a solution of 3"-(3.4,8,9-tetrahydro- 
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6-melho)(y-3,3,8,84etramethylfuro[2.3-h]isoquinolin-1-yl)[1J'4)ipheny^^^ acid ethyl ester (2.74 g, 5.67 

mmol) in ethanol (15 mL) and the mixture was stirred at 70 for 30 minutes. The reaction mixture was cooled with 
Ice, combined with 1 M hydrochloric acid (20 mL. 20 mmol), saturated with sodium chloride, and then extracted three 
times with ethyl acetate. The combined organic layer was dried over sodium sulfate, filtered and concentrated under 
reduced pressure. The residue was crystallized from ethyl acetate-diethyl ether to obtain the title compound (2 26 a 
yielclk87%). ' ^' 

. Melting'point: 161-165 **C. 

• ^HNMR(DMSO^)61.17(6H,s).1.19(6H.s), 2.26 (2H.s).2.67{2H,s). 3.82 {3H,s),6.84(lH,s).7.40(1H d J = 
7.7 Hz), 7.66 (1 H, t, J = 7.7 Hz). 7.67 (1 H. s). 7.79-7.87 (3H, m), 8.03 (2H. d. J = 8.4 Hz). 

EXAMPLE 458 

3'-(3,4,8,9-Tetrahydro-6-methoxy-3.3,8,8-tetramethylfuro[2.3-h]isoqulnolin-1-yl)[1,V-biphenyl]-4-^ 

[11911 1 -ethyl-3-(3-dimethylaminopropyl)cart)odiimide hydrochloride (200 mg. 1 .04 mmol) was added to a suspen- 
sion of 3'-(3,4,8.9-tetrahydro-6-methoxy-3,3,8,8-tetramethylfuro[2,3-h]isoquinolin-1 -yl)[l , 1 "-biphenylI-4<art)oxylic ac- 
id (365 mg, 0.801 mmol) and 1 -hydroxy- IH-benzotrlazole ammonium salt (147 mg, 0.966 mmol) In N,N-dimethylfor- 
mamide (1 .5 mL) and the mixture was stirred at room temperature for 15 hours. The reaction mixture was combined 
with water and saturated aqueous solution of sodium hydrogen carbonate, and extracted twice with ethyl acetate. The 
combined organic layer was washed with water and a brine, dried over sodium sulfate, filtered and concentrated under 
79«/ )^^ P*'®^"''®- residue was crystallized from ethyl acetate-hexane to obtain the title compound (286 mg, yield: 

Melting point: 1 34-1 37 (decomposition). 

1H NMR (CDCy 6 1 .27 (6H, s), 1 .30 (6H. s), 2.25 (2H. s), 2.72 (2H, s). 3.93 (3H, s). 6.50-6.40 (2H, m), 6.63 (1 H. s), 
7.39-7.54 (2H, m), 7.61-7.63 (2H. m), 7.69 (2H, d, J = 8.5 Hz), 7.88 (2H. d, J = 8.5 Hz). 

EXAMPLE 459 



N-Methyl-3'-(3.4.8.94etrahydro.6-methoxy-3.3.8.84etramethylfurD[2,3-hlisoquinonn-1-y^^ 
30 4-carboxamlde 



[1 192] 1 -Ethyl-3-(3-dimethylaminopropyl)carbodiimide hydrochloride (200 mg. 1 .04 mmol) was added to a suspen- 
sion of 3'-(3,4,8.9-tetrahydro-6-methoxy-3,3,8,8-tetramethylfuro[2,3-h]isoquinolin-1 -yl)[1 .r-biphenyi]-4-carboxylic ac- 
id (365 mg, 0.801 mmol). 40% methylamine/methanol solution (75 mg, 0.97 mmol) and 1 -hydroxy- IH-benzotriazole 

35 (135 mg, 0.880 mmol) in N,N-dimethylfonnamide (1.5 mL) and the mixture was stirred at room temperature for 20 
hours. The reaction mixture was combined with water and a saturated aqueous solution of sodiumtydrogen carbonate, 
and extracted twice with ethyl acetate. The combined organic layer was washed with water and brine, dried through 
sodium sulfate-basic silica gel (eluting with ethyl acetate), and concentrated under reduced pressure. The residue was 
crystallized from ethyl acetate-hexane to obtain the title compound (31 7 mg, yield: 84%). 

^ Melting point: 242-244 ^'C. 

'H NMR (CDCI3) 5 1 .27 (6H. s), 1 .30 (6H, s), 2.25 (2H, s), 2,72 (2H. s). 3.04 (3H, d. J = 4.8 Hz). 3.93 (3H, s), 6.15-6.30 
(1H. m). 6.63 (1H. s), 7.37-7.53 (2H. m). 7.69-7.70 (2H, m), 7.66 (2H. d, J = 8.4 Hz). 7.82 (2H, d. J = 8.4 Hz). 

EXAMPLE 460 

45 

N.N*-Dlmethyl-3'-(3.4,8,9-tetrahydro-6-methoxy-3,3,8.8-tetramethylfuro[2,3-h]isoqulnolin-1-yl)[1,r-biphenyl]- 
4-carboxamide 



[1193] 1-Ethyl-3-(3-dimethylaminopropyl)carbodiimide hydrochloride (200 mg, 1 .04 mmol) was added to a suspen- 
sion of 3'-(3,4,8,9-tetrahydro-6-methoxy-3,3,8.8-tetramethylfuro[2,3-h]isoquinolin-1-yl)[1.1^biphenyl]-4-carbox^ ac- 
id (365 mg, 0.801 mmol), 2 M dimethylamineAetrahydrofuran solution (0.48 mL. 0.96 mmol) and 1 -hydroxy- IH-ben- 
zotriazole (135 mg. 0.880 mmol) in N.N-dimethylfomiamide (1.5 mL) and the mixture was stirred at room temperature 
for 17 hours. The reaction mixture was combined with water and a saturated aqueous solution of sodium hydrogen 
carbonate, and extracted twice with ethyl acetate. The combined organic layer was washed with water and brine, dried 
through sodium sulfate-basic silica gel (eluting with ethyl acetate), concentrated under reduced pressure to obtain the 
title compound (31 9 mg, yield: 83%). 
Amorphous. 

NMR (CDCy 5 1 .27 (6H. s). 1 .30 (6H. s), 2.25 (2H. s). 2.71 (2H. s). 3.03 (3H. brs). 3.12 (3H. br s). 3.93 (3H. s), 
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6.63 (1H, s). 7.36-7.53 (4H. m), 7.58-7.68 (4H. m). 
EXAMPLE 461 

N-[3*-(3.4.8.9-Tetrahydro-6-hydroxy-3.3,83-tetramethylfuro[2,3-hlisoquinoH 

\ [1194].' A suspension of 1-(3-bromophenyl)-3.4.8,9-tetrahydro-3.3.8.8-tetramethylfuro[2.3-h]isoquinolinol (1 40 a 
3.50 mmol). 4'-(4,4.5.5-tetramethyl-1.3,2-dioxaborolan-2-yl)acetanilide (1.01 g, 3.87 mmoi). sodium carbonate (927 
mg. 8.75 mmol) and.tetrakis(triphenylphosphine)pal(adium (0) (81 mg. 0.070 mmol) in 1.2-dimethoxyethane (10 mU 
ethanol (5 mL) and water (5 mL) was stiired at 80 for 14 hours under nitrogen atmosphere. The reaction mixture 
was combined with water, and extracted twice with ethyl acetate. The combined organic layer was washed with brine 
drretfthrough'sodiamsolfate4)asie.sifica.geftetating-wi«re^^^ 

concentrated under reduced pressure, and the precipitated powder was recovered by filtration, washed with ethW 
acetate-dielhyl ether mixture to obtain the title compound (921 mg. yield 58%) 
Melting point: 185-189 »C. 

EXAMPLE 462 

H4'-(Acetylamino)[1,V-biphenylJ-3-yl]-3,4.8,9-tetrahydro-3,3.8,8 

trifluoromethanesulfonate ^ 

[1195] The title compound was obtained from N-[3'-(3.4,8,9-tetrahydro-6-hydroxy-3.3.8,8-tetramethyIfuror2 S-hliso- 

quinolin-1 -yl)[1 .1 '-blphenylM-yllacetamide by the method similar to that in EXAMPLE 95. Yield: 96% 

Amorphous 

'HNMR(CDCl3)51.28(6H.s).1.29(eH.s).2.13-2.23(3H.m).2.30(2H.s).2.72(2H.s).e.95(1H,s).7.29-7.70(9H,m). 
EXAMPLE 463 

N-[3'-(3.4.8,9-Tetrahydro-3.3.8,8-tetramethylfuro[2,3-h]isoquinolin-1-yl][1.1'-biphenylH-yOacetamide 

I11961 Fomiic acid (64 jiL. 1 .7 mmol) was added to a solution of 1 -{4'-(acetylamino)[1 ,1 "-biphenylhS-ylJ-S 4 8 9-tet- 
rahydro-3.3.8,8-tetramethylfuro[2,3-h]isoquinolin-6-yl trifluoromethanesulfonate (496 mg. 0.846 mmol) triethyl^mine 
M w J l'^ P^"^*^'""^ (") (4.7 mg. 0.021 mmol) and triphenylphosphine (11 mg. 0.042 mmol) in N 

N-dimethylformamide (1 .5 mL) and the mixture was stirredat 60 "C for 4 hours under nitrogen atmosphere The reactiori 
mixture was combined with water and a saturated aqueous solution of sodium hydrogen carbonate, and extracted 
twice wrth ethyl acetate. The combined organic layer was washed with water and brine, dried through sodium sulfate- 
basic silica gel (ehrting with ethyl acetate), and concentrated under reduced pressure. The residue was subjected to 
a column chromatography on a basic silica gel (hexane/ethyl acetate. 2:1 followed by 1:1). crystallized from ethyl 
acetate-hexane to obtain the title compound (294 mg. yield: 79%). 
Melting point: 198-200 °C. 

ll^T, '^-Po^^f '-^^ '-^^ ^ 2 24 (2H. s): 2.72 (2H, s). 6.76 (1H. d. J = 7.8 Hz). 6.99 

(IH. d. J = 7.8 Hz), 7.35 (1 H. dt. J = 7.4. 1 .4 Hz). 7.44 (1 H. td. J = 7.4. 1 .0 Hz). 7.49-7.62 (7H. m). 

EXAMPLE 464 

1-(3-Bromophenyl)-3.4.8.9-tetrahydro-3.3,8.8-tetramethyl-6-furo[2.3-hIisoquinolin-6-yl trifluoromethanesulfonate 

11197] The title compound was obtained from 1-(3-bromophenyl)-3,4.8,9-tetiahydro-3.3.8.8-tetramethylfurof23-hl 
isoquinolinol by the method similar to that in EXAMPLE 95. >■ • i 

Quantitative. 
A gum. 

'H NMR (CDCI3) 5 1 .25 (6H. s). 1 .34 (6H. s). 2.29 (2H. s). 2.69 (2H. s). 6.95 (1 H. s). 7. 14-7.38 (2H. m). 7.53-7.60 (2H. m). 
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EXAMPLE 465 

3'-(3,4,8,9-Tetrahydro-3,3,8,8-tetramethylfuro[2.3-h]isoquinolin-1 -yl)[1 .r-biphenyl)-4-amine 

5 [1198] Formic acid (0.73 mL, 19 mmol) was added to a solution of 1-(3-bromophenyl)-3,4,8,9-tetrahydro-3,3,8,8-te- 
• tramethYlfuro[2,3-h]lsoquinolin-6-yl trifluoromethanesulfonate (5.13 g, 9.64 mmol), triethylamine (4.0 mL. 29 mmol), 
Y palladiuhri (II) acetate (54 mg, 0.24 mmol) and triphenylphosphine (126 mg, 0.480 mmol) in N,N<limethyl'fomiamide' 
' (20 mL) and the mixture was stirred at as *C for 2 hours under nitrogen atmosphere. The reaction mixture was combined 
with water and saturated aqueous solution of sodium hydrogen carbonate, and extracted twice with ethyl acetate. The 
10 combined organic layer was washed with water and brine, dried through sodium sulfate-basic silica gel (eluting with 
ethyl acetate), and concentrated under reduced pressure. The residue was subjected to a column chromatography on 
a silica gel (hexane/ethyl-acetatei *^?>^)^ta^ obtaiw^'»oi^cortaiwmg»^^^^ 
tramethyIfuro[2,3-h]isoquinoline. 

[1199] This material, 4-(4.4,5.5-tetramethyl-1 ,3,2-dioxaborolan-2-yl)aniline (1 .21 g, 5.52 mmol), sodium carbonate 
(795 mg. 7.50 mmol) and tetrakis(triphenylphosphine)palladium (0) (116 mg, 0.100 mmol) were suspended in 
1,2-dimethoxyethane (15 mL), ethanol (7 mL) and water (7 mL), and the mixture was stirred at 80 °C for 15 hours 
under nitrogen atmosphere. The reaaion mixture was combined with water and extracted twice with ethyl acetate. The 
combined organic layer was washed with water and brine, dried through sodium sulfate-basic silica gel (eluting with 
ethyl acetate), and concentrated under reduced pressure. The residue was subjected to a column chromatography on 
abasic silica gel (hexane/ethyl acetate, 10:1 followed by 2:1), and crystallized from ethyl acetate-hexane to obtain the 
title compound (1 .35g, yield: 35%). 
Melting point: 161-163 **C. 

1H NMR (CDCy 5 1.25 (12H. s). 2.24 (2H, s). 2:70 (2H, s). 3.73 (2H, br s). 6.74 (2H. d. J = 8.4 Hz), 6.75 (1H, d. J = 
8.0 Hz). 6.98 (1H. d, J = 8.0 Hz), 7.27-7.34 (IH. m). 7.36-7.48 (3H, m). 7.54-7.60 (2H, m). 

EXAMPLE 466 

2,2,2Trifluoro-N-[3•-(3,4.8,9-tetrahydro-3,3,8,8-tetramethylfu^o[2,3-h]isoquinolin-1-yl)[1.1^bipheny^ 

[1200] The title compound was obtained from 3'-(3.4.8.9-tetrahydro-3.3,8.8-tetramethylfuro[2.3-h]isoquinolin-1-yl) 
(1 .1 •-biphenylJ-4-amine by the method similar to that in EXAMPLE 441 . Yield: 83%. 
Melting point: 228-230 °C (ethyl acetate-hexane). 

NMR (CDCy 5 1.25 (6H. s), 1.30 (6H. s), 2.19 (2H. s), 2,75 (2H, s). 6.78 (IH. d. J = 7.9 Hz), 7,01 (IH, d. J = 7.9 
Hz), 7.31-7.62 (8H, m), 8.82 (1 H. br s). 

EXAMPLE 467 

4-[[[3-(3,4,8.9-Tetrahydro-6-methoxy-3.3,8,84etramethylfuro[2.3-h]isoquino!in-1-yI)phenyl]amino]carbonylJb 
add methyl ester 

[1201] TerephthaloyI monomethyl chloride (1.91 g, 9.62 mmol) was added to a solution of 3-(3.4,8,9-tetrahydro- 
6-methoxy-3,3,8,8-tetramethylfuro[2,3-h]isoquinolin-1-yObenzenamine (2,81 g, 8.02 mmoO and triethylamine (1 .5 mL, 
1 1 mmol) in tetrahydrofuran (1 5 mL) with cooling in ice. and the mixture was stirred at room temperature for 1 0 minutes! 
The reaction mixture was combined with water, and extracted twice with ethyl acetate. The combined organic layer 
was washed with a saturated aqueous solution of sodium hydrogen cartDonate. water and brine, dried through sodium 
sulfate-basic silica gel (eluting with ethyl acetate), and concentrated under reduced pressure. The residue was sub- 
jected to a column chromatography on a basic silica gel (hexane/ethyl acetate, 2:1 followed by 1 :1), and recrystallized 
from ethyl acetate-hexane to obtain the title compound (3.75 g, yield: 91%). 
Melting point: 156-160 "C. 

^H NMR (CDCI3) 5 1.16 (6H. br s), 1.33 (6H. s), 2.34 (2H. s). 2.60 (2H, brs). 3.92 (3H. s), 3.96 (3H. s). 6.59 (IH, s) 
7.13 (1 H, d, J = 7.7 Hz), 7.37 (1 H, t. J = 7.7 Hz). 7.56 (1 H. t. J = 1 .8 Hz). 7.89-7.98 (3H. m), 8.12 (2H. d. J = 7.8 Hz)' 
8.66 (IH. brs). ' 
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EXAMPLE 468 



4-[[I3-(3.43,9Tetrahydro-6-fTiethoxy-3,3.8.84etrame%lfuro[2,3-h]isoquinolin-1-yl)phenylIamino 
acid hydrochloride 

t [1202] J 5 M aqueous solution of sodium hydroxide (0.50 mL. 2.5 mmol) was added to a solution of 4-{([3-(3 4 8 9-tet- 
\; •■ahydro-6-methoxy-3.3.8.8-tetrainethylfuro[2.3-hJisoquinolin-1-yl)phenylJamino]carbonyl]benzoic acid methyl ester 
(1 .03 g. 2.01 mmol) in methanol (1 0 mL) and the mixture was stirred at room temperature for 1 .5 hours and then heated 
under reflux for 1 .5 hours. The reaction mixture was concentrated under reduced pressure, and treated dropwise with 
1 M hydrochloric acid (5.0 mL, 5.0 mmol) with cooling in ice. Brine was added to the mixture, and the mixture was 
extracted twice with ethyl acetate-tetrahydrofuran mixture. The combined organic layer was dried over sodium sulfate 
filtered and concenti^€tfemJeprechice*pr«8Bre«te>obtainpthe<^^ 
Amoiphous. 

'H NMR (CDCy 5 1 .34 (6H, s). 1 .62 (3H, br s), 1 .73 (3H. br s), 2.26-2.54 (2H, m), 2.94-3.24 (2H. m) 3 98 (3H s) 
6.72 (1H. s), 7.24 (1H. d, J = 8.1 Hz), 7.47 (1H. t, J = 8.1 Hz). 7.83 (2H. d. J = 8.6 Hz). 7.90 (2H. d. J = 8.6 Hz) 8 25 
(1H. S). 8.35 (IH.d, J = 8.1 Hz). 10.01 (1H.br S). 12.88 (1H.br S). 

EXAMPLE 469 

N-Methyl-N'-[3-(3,4.8,9-tetrahydro-6-methoxy-3.3.8.8-tetraniethylfuro[2.3-h]isoquinolin-1-yl)phenyn- 
1 ,4-benzenedicait>oxamide 

[1203] Triethylamine (0.17 mL. 1.2 mmol) and 1-ethyl-3-(3-dimethylaminopropyl)carbodiimide hydrochloride (125 
mg. 0.652 mmol) were added to a solution of 4-{t[3-(3.4,8.9-tetrahydro-6-methoxy-3.3.8.8-tetfamethylfuro(2 S-hJiso- 
quinolin-1-yl)phenyl]aminolcarbonyQbenzoic acid hydrochloride (268 mg. 0.501 mmol). 40% methylamine/hiethanol 
solution (55 mg. 0.56 mmol) and 1 -hydroxy- IH-benzotriazole (85 mg. 0.56 mmol) in IM.N-dimethylfomiamide (1 mL) 
and the mixture was stirred at room temperature for 24 hours. The reaction mixture was combined with water, and 
extracted twice with chloroform-methanol mixture. The combined organic phase was washed with brine, dried through 
sodium sulfatB-basic silica gel (eluting with ethyl acetate/methanol, 10:1) and concentrated under reduced pressure 
The residue was recrystallized from chloroform-methanol-diethyl ether to obtain the title compound (215 mg. Yield: 
84%), ' 

Melting point: 310-312 "C 

iH NMR (DMSO-de) 5 1.15 (6H, s), 1 .23 (6H. s). 2.33 (2H, br s), 2.64 (2H, s). 2.81 (3H, d, J = 4.5 Hz) 3 82 (3H s) 

It f l^'tl'ui'o^ ^-^^ ' = ^•"^-^•"^ <^ ^-^^-^-^^ <^ ^' "^)' 7-^5 (2H. d. J = 8.3 HZ ; 

8.04 (2H, d, J = 8.3 Hz), 8.57-8.63 (1 H. m), 10.40 (1 H. s). 

E)CAMPLE470 

2-[(3.4,8,9TetrHhydro-6-methoxy-33.8-trimethyl-1-phenylfurop 

dione * ' 

[1204] A suspension of 3-(bromomethyl)-3.4.8,9-tetrahydro-6-methoxy-3,8,8-trimethyl-1 -phenylfuro[2 3-h]isoquino- 
\vne (2.49 g, 6.01 mmol). potassium phthalimide (90%) (1.86 g, 9.0 mmol) in N.N-dimethylacetamlde (25 mL) was 
heated under reflux for 2.5 hours under nitrogen atmosphere. The reaction mixture was combined with water and 
extracted twice with ethyl acetate. TTie combined organic layer was washed twice with water, and concentrated linder 
reduced pressure. The residue was subjected to a column chromatography on a silica gel (hexane/ethyl acetate 2 1) 
cr>«tallized from ethyl aoetate+exane. and recrystallized from methanol-acetone-hexane to obtain the title compound 
(1 .56 g, yield: 54%). *^ 
Melting point; 121-125 °C 

lH NMR(CDCl3)51.19(3H.s), 1 22 (3H, s), 1.38 (3H, s). 1.97-2.19 (2H. m). 2.81 (1H. d. J = 15.9 Hz). 3.02 (1H d J 
= 15.9 Hz). 3.85 (1H. d, J = 13.6 Hz). 3.86 (3H. s). 3.96 (1H, d. J = 13.6 Hz). 6.54 (1H. s). 7.36-7.52 (5H, m), 7.61-7.M 
(4H, m). 

EXAMPLE 471 

3.4,8.9-Tetrahydro-6-methoxy-3.8.8-trimethyl-1-phenyl-3-furo(2.3-h]isoquinolinemethanamine 

[1205] Hydrazine monohydrate (0.25 mL. 5.2 mmol) was added to a suspension of 2-[(3.4.8.9-tetrahydro-6-methoxy- 
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3.8,84rimethyl-1i)heny1furo[2,3-h]isoquinolin-3-yl)methyll-1HHSoindol^ (2.08 4.33 mmol) in ethanol 

(20 mL) and heated under reflux for 4 hours with adding the same amount of the hydrazine monohydrate after 2 hours 
and after 3 hours. The reaction mixture was combined with 1 M aqueous solution of sodium hydroxide (9.0 mL. 9,0 
mmol), diluted with water, and extracted twice with ethyl acetate. The combined organic layer was washed twice with 
water, and concentrated under reduced pressure. The residue was subjected to a column chromatography on a basic 
silicar-gel (ethyl acetate/methanol, 100:1), and reciystallized from ethyl acetate-hexane to obtain the title compound 



Melting point: 1 43-1 45 '•C 

1H NMR (CDCI3) 5 1.06 (3H, s), 1.29 (3H. s). 1.33 (3H. s). 2.16 (1H, d. J = 16.5 Hz), 2,25 (1H, d, J = 16,5 Hz), 2,49 
10 (1H, d. J = 15.4 Hz), 2.80 (1H, d. J = 12,6 Hz), 2.89 (1H, d, J = 12.6 Hz). 2.93 (1H. d. J = 15,4 Hz), 3.92 (3H, s), 6.63 
(1H, s), 7.39(5H.s). 

EXAMPLE 472 

15 (3,4,8.9-Tetrahydro-6-fnethoxy-8,8-dimethyl-1 -phenylfuro[2,3-h]isoquinolin-3-yl)methyl acetate 

[1206] Phosphorus oxychloride (9.4 mL, 0.10 mol) was added to a suspension of 2-(ben2oylamlno)-3-(2,3-dihydro- 
7-methoxy-2,2-dimethyl-5-benzofuranyl)propyl acetate (3.34 g. 8.40 mmol) In acetonltrile (65 mL) and heated under 
reflux for 1 .5 houfs. Water was poured into the reaction mixture, which was neutralized with cone, aqueous ammonia 
20 with cooling In ice, and extracted twice with ethyl acetate. The combined organic layer was washed twice with water, 
and concentrated under reduced pressure. The residue was recrystallized from ethyl acetate-hexane to obtain the title 
compound (2.62g, yield: 82%). 
Melting point: 1 68-1 69 'C. 

1HNMR(CDCI3)S1.28(3H, s), 1,36 (3H, s), 2.12 (3H. s), 2.19 (1H, d, J = 8.1 Hz), 2.31 (1H,d.J = 8.1 Hz), 2.52-2.79 
25 (2H. m). 3.54-3.76 (1H. m), 3.93 (3H. s), 4.34 (1H, dd. J = 11 .0, 6.6 Hz). 4.54 (1H. dd. J = 11,0. 6.2 Hz), 6.68 (1H, s). 

7.42 (5H.S). 

EXAMPLE 473 

30 3,4,8,9-Tetrahydro-6-methoxy-8,8-dimethyM-phenyl-3-furo[2,3-h]isoqumolinemethanol 

[1207] 5 M aqueous solution of sodium hydroxide (1 .6 mL. 8.0 mmol) was added to a solution of (3,4,8,9-tetrBhydro- 
6-methoxy-8.8-dimethyl-1 -phenyIfuro[2,3-h]isoquinolin-3-yl)methyi acetate (1 .00 g, 2.64 mmol) in methanol (5 mL) and 
tetrahydrofuran (5 mL), and the mixture was stirred at room temperature for 10 minutes. The reaction mixture was 
35 combined with water, and extracted twice with ethyl acetate. The combined organic layer was washed twice with water, 
and concentrated under reduced pressure. The residue was recrystallized from ethyl acetate-diisopropyl ether to obtain 
the title compound (553 mg, yield: 62%). 
Melting point: 156-158 *C 

1H NMR (CDCI3) 5 1,28 (3H, s). 1.38 (3H, s). 2.21 (1H. d. J = 8.1 Hz). 2,35 (1H, d. J = 8.1 Hz), 2.51-2.70 (2H, m). 
40 2.90-3.15 (IN, br). 3.36-3.57 (1H. m). 3,76 (1H, dd, J = 10.7, 7.7 Hz), 3.87-4,03 (IH. m). 3.93 (3H. s). 6.68 (1H. s), 

7.43 (5H.S). 

EXAMPLE 474 

45 2-((3,4,8,9-Tetrahydro-6-methoxy-8,8-dimethyl-l -phenylf uro(2,3-h]isoquinolin-3-yl)methyl]-1 H-isoindole-1 .3(2H)- 



[1208] A solution of 3,4,8,9-tetrahydro-6-methoxy-8,8-dimethyl-1-phenyl-3-furo[2,3-hlisoquinolinemethanol (793 
mg, 2.35 mmol) in pyridine (10 mL) was cooled with ice, treated dropwise with methanesulfonyl chloride (0.22 mL, 2.8 

50 mmol), stirred at the same temperature for 30 minutes, treated further with methanesulfonyl chloride (0.04 mL, 0.05 
mmol), and stirred further for 30 minutes. The reaction mixture was combined with water and a saturated aqueous 
solution of sodium hydrogen carbonate, and extracted twice with ethyl acetate. The combined organic layer was washed 
twice with water and concentrated under reduced pressure. The residue was combined with toluene, and concentrated 
under reduced pressure again to obtain (3,4,8,9-tetrahydro-6-methoxy-8,8-dimethyl-1 -phenylfuro[2,3-h]isoquinolin- 

55 3-yl)methyl methanesulfonate. 

[1209] This was dissolved in N.N-dimethylfonn amide, potassium phthalimide (90%, 725 mg, 3.5 mmol) was added 
thereto, and the mixture was stin-ed at 100 *»C for 4.5 hours. The reaction mixture was combined with water, and 
extracted twice with ethyl acetate. The combined organic layer was washed twice with water, and concentrated under 
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reduced pressure. The residue was ciystallized from ethyl acetate-diisopropyl ether to obtain the title compound (337 
mg, yield: 31%). * 
Melting point: 228-229 "C 

1H NMR (CDCy 5 1.26 (3H. s). 1 .34 (3H. s), 2.18 (1H. d. J = 16.5 Hz). 2.32 (1H. d. J = 16 5 Hz) 2 57-2 75 (2H m) 
3.78-4.15 (2H. m), 3.87 (3H. s). 4.24 (1H. dd. J = 13.2. 5.4 Hz). 6.61 (1H. s). 734-7.48 (5H. m). 7.68-7.92 (4H. m). 

^-EXAMPLE 475 

3.4.8.9-Tetrahydro-6-methoxy-8.8-dlmethyl-1-phenyl-3-furo[2.3-hJisoquinolinemethanaminedihydrochloride 

11210] Hydrazine monohydrate (84 jxL. 1 .7 mmol) was added to a suspension of 2-[(3.4.8.9-tetrahydro-6-methoxy- 
8v8-dimethyl--t^phenyifurof2;3^^isoq«inolin-3-yl^)n^thylH«-^^ 

(4 mL) and the mixture was heated under reflux for 2.5 hours. TTie reaction mixture was combined with 1 M aqueous 
solution of sodium hydroxide, diluted with water, and extracted twice with ethyl acetate. The combined organic layer 
was washed twice with water, and concentrated under reduced pressure. The residue was subjected to a column 
chromatography on a basic silica gel (ethyl acetate followed by ethyl acetate/methanol. 10:1) to obtain 3 4 8 9-tetrahy- 

dro-6-methoxy-8,8-dimethyl-1-phenyl-3-furo(2,3-h]isoquinolinemethanamine(164mg)asanamorphousn5ater1alThis 
was dissolved in ethyl acetate (2 mL). combined with 0.8 M hydrogen chloride/methanol solution (1 8 mL 1 4 mmol) 
and concentrated under reduced pressure. The residue was crystallized from ethanol-ethyl acetate to obtain the title 
compound'(1 40 mg, yield: 46%). 
Melting point: 1 92-1 94 "C 

1H NMR (DMSO-de) « 1 22 (3H, s). 1 .26 (3H. s). 2.26 (2H. s). 3.05-3.40 (4H. m). 3.80w».50 (IH. m). 3.94 (3H s) 7 10 
(IH.s). 7.55-7.78 (SH.m). 8.35-8.65 (3H.m). v ■ ^ I . A'-i" 

EXAMPLE 476 

N-{3^(3,4.8.9-Tetrahydro-6-m6thoxy-3.3,8.8-tetramethyl-2-oxidofuro[2.3-hJisoqulnolln-1-ynri.l'-biphenvlV3-^^ 
acetamide * i / 1 

[1211] The title compound was obtainedfrom N-t3'-(1 ,2.3,4,8,9-hexahydro-6-methoxy-3.3,8.8-tetramethylfurDr2 3-h] 
isoquinolin-1-yl)(1,V-biphenyll-3-yl]acetamide by the method similar to that in EXAMPLE 110 Yield- 66% 
Melting point: 158-162 "C (methanol-diethyl ether). 

1H NMR (CDCI3) 5 1 .24 (3H. s). 1 .28 (3H. s), 1 .51 (6H. s). 2.04 (2H. s), 2.13 (3H. s). 3.09 (2H. s). 3.91 (3H. s) 6 65 
(IH.s). 7.27-7.53 (5H.m), 7.56-7.69 (3H.m). 7.69(1 H.brs). 

EXAMPLE 477 

[1212] Cone, sulfuric acid (0.393 mL, 738 mmol) was added to a mixture of 3-cyano-N-(3.5-dichloro-1-oxido-4-py- 
ndinyl)benzamide (0.84 g. 2.84 mmol). 1-(2.3-dihydro-7-methoxy-2.2-dimethyl-5-benzofuranyl)-2-methyl-1-propanol 
(1 .07g, 4.26 mmol). acetic acid (7mL) and toluene (1 0 mL) and the mixture was stirred at 80 'C for 1 hour The reaction 
solution was cooled with ice. combined with water and washed with diethyl ether. The aqueous layer was made basic 
wrth aqueous ammonia and 1 M aqueous solution of sodium hydroxide, and washed with diisopropyl ether-dlethyl ether 
(1 : 1 ). The aqueous layer was adjusted at pH 7 with 2 M hydrochloric acid, and extracted with ethyl acetate The extract 
was washed with bnne. dried over anhydrous magnesium sulfate, and concentrated under reduced pressure The 
residue was subjected to a column chromatography on a silica gel (ethyl acetate followed by ethyl acetate/methanol. 
23:2). and then crystallized from ethyl acetate to obtain the title compound (0.20 g yield 13%) 
Melting point: 264-266 "C. 

1H NMR (DMSO-de) 5 1 .1 7 (6H, s). 1 .22 (6H. s). 2.23 (2H. s). 2.67 (2H. s). 3.82 (3H. s). 6.84 (1 H. s). 7.57-7.68 (2H. 
m). 8.01-8.09 (2H.m). 8.72 (2H.S). 10.58 (1H.br s). ^ 

EXAMPLE 478 

N-(2-Oxo-3-plperidinyl)-3-(3.4.8.9-tetrahydro-6-methoxy-3,3.8.8-tetramethylfuro[2.3-h]isoquinolin-1-yl)benzamide 
[1213] The title compound was obtained from 3-(3.4.8.9-tetrahydro-6-methoxy-3.3,8.8-tetramethylfuro[2.3-h]isoqui- 
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nolin-1-yl)benzolc acid hydrochloride and 3-amino-3.4.5,6-tetrahydro-2(1H)-pyridinone by the method similar to that 

in EXAMPLE 159. Yield: 63% 

Amorphous, 

1H NMR (CDCI3) 6 1 .23 (3H. s). 1 .28 (3H. s). 1 .30 (6H. s). 1 .58-1 .80 (2H, m). 1 .88-1 .98 (2H. m). 2. 1 8 {2H. s) 2 59-2 72 
(3H. m), 3,27-3.38 (2H, m), 3.92 (3H, s), 4.40-4.50 (1H. m). 6.27 (1H, br s), 6.62 (1H. s), 7.33-7.36 (1H, m). 7 43-7 48 
(IK^ni), 7.88-7.95 (2H.m). 

EXAMPLE 479 
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(S)-N-[Hexahydro-2-oxo-1H-a2epin-3-ylJ-3-(3,4,8,9-tetrahydro-6.methoxy-3.3.8.8-tetramethylfurD[2,3^ 
1-yl)benzamide 



[1214] The title compound was obtained from 3-(3.4,8,9-tetrahydro-6-methoxy-3,3,8.8-tetramethylfuro[2,3-h]lsoqui- 
nolln-1 -yl)benzolc acid hydrochloride and (S)-3-aminohexahydro-2H-a2epln-2-one by the method similar to that in EX- 
is AMPLE 159. Yield: 65%. 
Amorphous. 

[a]D +23.1'' (c 1 .0, methanol) 

1H NMR (CDCI3) 6 1.23 (3H, S). 1.30 {9H, s), 1.51-2.05 (6H. m). 2.16 (2H, s). 2.70 (2H, S). 3.20-3.38 (2H, m) 3 92 
(3H, s). 4.68-4.78 (1H. m). 6.53 (1H, brs), 6.62 (1H. s), 7.42-7.51 (2H, m). 7.69-7.73 (1H. m). 7.88-7.92 (2H, m). 



EXAMPLE 480 

(R)-N-[Hexahydro-2-oxo-1H-azepin-3-yl]-3-{3.4,8,9-tetrahydro-6-methoxy-3,3.8.8-tetramethylfuro[2,3-hlisoq 
1-yl)benzamide 



[1215] The title compound was obtained from 3-(3,4.8,9-tetrahydro-6-methoxy-3.3,8,8-tetramethylfuro[2.3-hlisoqui- 
nolin-1 -yObenzoic acid hydrochloride and (R)-3-aminohexahydro-2H.azepln-2.one by the method similar to that in EX- 
AMPLE 159. Yield: 33%. 
Amorphous. 
30 [a]D -22.5** (c 1 .0. methanol). 

NMR (CDCIa) 5 1.23 (3H, s). 1.30 (9H. s), 1.51-2.25 (6H, m). 2.17 (2H, s), 2.70 (2H, s), 3,20-3.36 (2H m) 3 92 
{3H, s). 4.69-4.78 (1H. m). 6.29 (1H. brs). 6.62 (IH. s). 7.41-7.51 (2H, m), 7.69-7.73 (1H. m). 7.88-7.91 (2H, m). 



EXAMPLE 481 

3-(6-Ethoxy-3,4,8,9-tetrahydro-3.3,8,8-tetramethylfuro[2,3-hIisoquinolin-1 -yl)ben2oic acid methyl ester 



[1216] Cone, sulfuric acid (7.86 mL, 0.147 mol) was added to a mixture of 1-(7-ethoxy-2,3-dihydro-2.2-dimethyI- 
5-benzofuranyl)-2-methyl-1-propanol (15.0 g, 66.7 mmol), methyl 3-cyanoben2oate (9,14 g. 56.7 mmol). acetic acid 
(80 mL) and toluene (100 mL) and the mixture was stirred at 80 for 1 hour. The reaction mixture was cooled with 
ice and combined with water, and washed with diethyl ether. The aqueous layer was cooled with ice, made basic with 
cone, aqueous ammonium, and extracted with ethyl acetate. The extract was washed with water, and concentrated 
under reduced pressure. The residue was subjected to a column chromatography on a basic silica gel (hexane/ethyl 
acetate, 4:1) to obtain the title compound (9.00 g, yield: 39%). 
^5 Amorphous. 

NMR (CDCI3) 5 1 .25 (6H. s), 1 .29 (6H, s), 1 .47 (3H, t, J = 7.0 Hz), 2.16 {2H, s). 2.68 (2H, s), 3,92 (3H, S), 4.18 (2H 
q. J = 7.0 Hz), 6.62 (IH, s). 7.47 (IH, t. J = 8.0 Hz). 7.61 (IN, d. J = 8.0 Hz), 8.05-8.08 (2H, m), 

EXAMPLE 482 

3-(6 Ethoxy-3,4,8.9-tetrahydro-3,3,8,8-tetramethylfuro[2.3-hlisGqulnolin-1-yl)benzoic acid hydrochloride 

[1217] 5 M aqueous solution of sodium hydroxide (12 mL) was added to a solution of 3-(6-ethoxy-3,4,8,9-tetrahydro- 
3,3.8,8-tetramethylfuro[2.3-h]isoquinolin-1-yl)ben2oic add methyl ester (8.80 g. 21.6 mmol) in meth'ariol (40 mL) and 
the mixture was stirred at 50 »C for 1 2 hours. The reaction mixture was cooled with ice, combined with 5 M hydrochloric 
acid(17 mL), and concentrated under reduced pressure. The residue was combined with ethanol. filtered, and the 
filtrate was concentrated under reduced pressure repetitively for three times. The residue was crystallized from ethyl 
acetate to obtain the title compound (6.15 g. yield: 66%). 
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Melting point: 240-243 **C. 

iHNMR(DMSO-de) 5 1.22 (6H.S). 1.37 (3H.t. J = 7.0 Hz). 1.46 (6H.S). 2.02-2.25 s) 424 (2H a 

J = 7.0 H2). 7.09 {1H. s), 7.76 (1H. t. J = 7.8 Hz). 7.86 (1H. d. J = 7.8 Hz). 8.16 (1H. s). 8.26 (1 H. d. J = 7.8 Hz) 

EXAMPLE 483 



\^ 3-(6-Efl^oxy-3.4.8,9-tettahydro-3.3.8.8-tetramethylfuro[2,3-hIisoquinolin-1-yl)-N-n^^ 

[1218] 1-Ethyl-3-(3-dimethylaminopropy))carbodiimide hydrochloride (0.580 g, 3.03 mmol) was added to a suspen- 
sion of 3-(6-ethoxy-3.4.8.9-tetrahydfo-3.3.8,8-tetramethylfuro(2.3-h]isoquinolin-1-yl)ben2oic acid hydrochloride (1 00 
g, 2.33 mmol), 1 -hydroxy-1 H-benzotriazole monohydrate (0.392 g, 2.56 mmol) in N.N-dimethylformamide (1 0 ml and 
the mixture vras stirred-at^n)otw temperatare4bF-39winateK.T^^ 

added, and the mixture was stiired at room temperature further for 2 houis. The reaction solution was combined with 
water, and extracted with ethyl acetate. The extract was washed with water, and concentrated under reduced pressure 
The residue was recrystallized from ethyl acetate-hexane to obtain the title compound (0 80 a vield- 84%l 
Melting point: 173-1 74 "C. 

1HNVIR(CDCI3)51.21 (6H, s). 1.28 (6H. S). 1.47 (3H. t J = 7.0 Hz). 2.13 (2H. S). 2.61 (2H. S) 294 (3H d J-52 
HZ). 4.19 (2H. q. J = 7.0 Hz). 6.60 (1H. s). 6.85-6.90 (1H. m). 7.38-7.44 (2H. m). 7.77 (1H. d. j = 1^ Hz"' ?:85:7 90 
(1H, m). 

EXAMPLE 484 

N-{2-Amino-2-oxoethylh3-(6-ethoxy-3.4.8.9-tetrahydro-3.3.8.8-tetramethylfuro[2.3-hlisoquinolin-1-^^ 

[121 9] Triethylamine (0.81 0 mL, 5.83 mmol) was added to a suspension of 3-(6-ethoxy-3.4,8.9-tetrahydro-3 3 8 8-te- 
tramethylfuro[2,3-h]isoquinolin-1 -yObenzoic acid hydrochloride (1 .00 g. 2.33 mmol) in tetrahydrofuran (10 mL) and the 
mixture was sbrred at room temperature for 10 minutes. This was cooled with ice. treated dropwise with isobutyl chlo- 
rofonnate (0.362 mL. 2.80 mmol). and the mixture was stirred with cooling in ice for 45 minutes 
A scrfution of glydnamide hydrochloride (0.386 g. 3.50 mmol) dissolved in 2 M aqueous solution of sodium hydroxide 
(1 .75 mL. 3.5 mmol) was added to the reaction mixture, and the mixture was stirred with cooling in ice for 3 hours The 
reaction mixture was combined with an aqueous solution of sodium hydrogen caitoonate. and extracted with ethyl 
^1?^ extract was washed with water, and concentrated under reduced pressure. The residue was crystallized 
from ethyl acetate-diethyl ether to obtain the title compound (0.82 g. yield- 75%) 
Melting point: 1 27-1 28 'C. 

1H NMR (CDCI3) 5 1 .22 (6H. s). 1 .29 {6H, s), 1 .47 (3H, t. J = 7.0 Hz). 2.14 (2H, s). 2.64 (2H. s). 4 05 (2H d J - 6 0 
HZ). 4.18 (2H. q. J = 7.0 Hz). 5.81 (1H. br s). 6.40 (IH. br s). 6.61 (IH. s). 7:41-7.50 (2H. m), 7.^ 7 gf (3H m). 

EXAMPLE 485 

« N-[3-(6-ahoxy-3.4.8.9-tetrahydro-3.3.8.8-tetramethylfuro[2.3-hlisoquinolin-1-yObenzoyl]-2-methylalanineethy^ 

^^?n°l ^^^y^'"® (2.59 mL. 18.6 mmol) and 1-ethyl-3-(3-dimethylaminopropyl)carbodiimide hydrochloride (1.16 
a6.05mmol)Ai,ereacWedtoasolutionof3-(6-ethoxy-3.4.8.9-tetrahydro-3,3.8.8-tet 

benzoic acd hydrochlonde (2.00 g, 4.65 mmol). 1 -hydroxy-1 H-benzotriazole monohydrate (0.784 g. 5.12 mmol) and 
Sl ;r'"°'r ^^"^'^ hydrochloride (1.05 g. 6.05 mmol) in N.N-dimethylfom«mide (20 mL) and the mixture was 
surred at room temperature for 3 hours. The reaction mixture was combined with water and extracted with ethyl acetate 
The extract was washed with water, and concentrated under reduced pressure. The residue was reciystallized from 
ethyl acetate-hexane to obtain the title compound (1 .82 g. yield: 77%). 
Melting point: 155-156 *C. 

1"! !?^''^ ^'l^;!:u "^^^ ' ' ^ ^ ^ ' ^ s). 2.68 (2H. s). 4.13^.28 (4H. 

m),6.61 (1H.S), 6.93(1 H,s), 7.42-7.50 (2H,m). 7.83-7.89 (2H.m). 
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EXAMPLE 486 



55 N-P-{6-phoxy-3.4.8.9-tetrahydro-3.3.8,8-tetra^^^ 
hyarochloride 

[12211 5 M aqueous solution of sodium hydroxide (3.0 mL) was added to a solution of N-[3-(6-ethoxy-3.4.8. 



9-tet- 
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rahydro-3,3,8,8-tetramethylfuro[2.3-h]isoqulnolln-1 -yl)ben2oyl]-2-methylalanine ethyl ester (1 .25 g, 2.47 mmol) in eth- 
anol (7 mL) and ttie mixture was stirred at room temperature for 3 hours. The reaction solution was combined with 5 
M hydrochloric acid (3.7 mL), and concentrated under reduced pressure. The residue was combined with ethanol and 
filtered, and the filtrate was concentrated under reduced pressure repetitively 3 times. The residue was crystallized 
5 from ethyl acetate to obtain the title compound (1 .28 g, quantitative). 
* Melirng point: 234-238 •C. 



Y NMft (DMSO-dg) 5 1 .22 (12H, s), 1 ,34 (3H. t, J = 6.9 Hz). 1 .45 (6H. s). 2.19 (2H, s), 2.72 (2H. s), 4.12 (2H, q. J = 
* 6.9 Hz), 6.85 (1H. s), 7.51-7.53 (2H, m). 7.92-7.96 (2H. m), 8.61 (IH, s). 

10 EXAMPLE 487 




15 [1222] A solution of N-[3-(6-ethoxy-3,4,8,9-tetrahydro-3,3,8,8-tetramethylfuro[2,3-hJisoquinolin-1 -yl)benzoylJ- 

2- methylalanine hydrochloride (0.80 g, 1 .55 mmol). 1 -hydroxy-1 H-benzotriazole ammonium salt (0.307 g, 2.02 mmol) 
in N.N-dimethylfomiamide (8 mL) was cooled with ice, 1-ethyl-3-(3-dimethylaminopropyl)cart)odilmlde hydrochloride 
(0.387 g, 2.02 mmol) was added thereto, and the mixture was stirred with cooling In Ice for 30 minutes. Triethylamine 
(0.541 mL, 3.88 mmof) was added to the reaction mixture, and the mixture was stirred at room temperature for 4 hours. 

20 The reaction mixture was combined with a small amount of water, and concentrated under reduced pressure. The 
residue was combined with a saturated aqueous solution of sodium hydrogen carbonate, and extracted with ethyl 
acetate. The extract was washed with water, and concentrated under reduced pressure. The residue was crystallized 
from ethyl acetate-hexane to obtain the title compound (0.60 g, yield: 68%). 
Melting point: 204-206 'C. 

25 1H NMR (CDCI3) 5 1 .25 (6H. s), 1 .30 (6H, s). 1 .47 (3H. t. J = 6.9 Hz), 1 .69 (6H, s), 2.17 (2H. s), 2.68 (2H, s). 4.18 (2H, 
q. J = 6.9 Hz). 5.54 (1H, br s). 6.50 (1H, br s), 6.61 (1H. s), 7.07 (1H. s), 7.42-7.49 (2H, m), 7.85-7.89 (2H, m), 

EXAMPLE 488 

30 3-(6-Ethoxy-3.4,8.9-tetfahydro-3,3,8,8-tetramethyffuro[2,3-hlisoquinolin-1-yl)benzenamine 

[1 223] A mixture of 1 -(7-ethoxy-2.3-dihydro-2,2-dimethyl-5-benzof uranyl)-2-methyl-1 -propanol (1 1 .2 g. 42.3 mmol), 

3- aminobenzonitriie (5.00 g. 42.3 mmol), acetic acid (60 mL) and toluene (75 mL) was cooled with ice, cone, sulfuric 
acid (6.77 mL, 0.127 mol) was added thereto, and the mixture was stinted at 80 *C for 1 hour. The reaction solution 

35 was allowed to cool to room temperature, combined with water, and washed with diethyl ether. The aqueous layer was 
made basic with cone, aqueous ammonia, and then extracted with ethyl acetate. The extract was washed with water, 
and concentrated under reduced pressure. The residue was subjected to a column chromatography on a basic silica 
gel (hexane/ethyl acetate 2:1) to obtain the title compound (8.17 g, yield: 53%). 



1H NMR (CDCI3) 5 1 .23 (6H. s). 1 ,32 (6H, s), 1 ,46 (3H. t, J = 7.0 Hz). 2.32 (2H, s). 2.65 (2H. s), 3.70 (2H. br s). 4.16 
(2H. q, J = 7,0 Hz), 6.58 (1H, s). 6.70-7.21 (4H, m). 

EXAMPLE 489 

N-{3-(6-Ethoxy-3.4,8.9-tetrahydro-3.3,8,8-tetramethylfuro[2.3-h]isoqulnolin-1-y!)phenyl]methanesulfonamide 

[1224] A solution of 3-(6-ethoxy-3.4.8.9-tetrahydro-3,3,8,8-tetramethylfuro[2,3-hlisoquinolin-1-yl)benzenamine 
(0.73 g, 2.00 mmol) in pyridine (5 mL) was cooled with ice, treated dropwise with methanesulfonyl chloride (0,1 86 mL, 
2.40 mmol), and the mixture was stirred with cooling in ice for 1 hour. The reaction solution was combined with a 
saturated aqueous solution of sodium hydrogen carbonate and extracted with ethyl acetate. The extract was washed 
with water and concentrated under reduced pressure. The residue was subjected to a column chromatography on a 
basic silica gel (ethyl acetateAnethanoI 97:3), crystallized from ethyl acetate-hexane to obtain the title compound (0.52 
g. yield: 59%). 
Melting point: 1 81 -1 82 'C. 



1H fvJMR (CDCI3) 5 1 .27 (6H. br s). 1 .32 (6H. s), 1 .46 (3H, t, J = 7.2 Hz), 2.23 (2H, s), 2.71 (2H, s). 2.77 (3H, s). 4.18 
(2H. q. J = 7.2 Hz). 6.60 (1H. s), 7.08-7.14 (IN, m), 7.22-7.35 (4H, m). 





benzamide 



An oil. 
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EXAMPLE 490 

5 

^ ^1^^ k^^ compound was obtained from 3-(6-ethoxy-3.4.8.9-tetrahydro-3.3,8.8-tetramethylfuro[2.3-h]isoquin- 
\ . olin-1-)fl)benzenamine and methanesulfonyl chloride by the method similarto that in EXAMPLE 30 Yield- 53% 
Melting point: 183-184.«C (ethyl acetate-hexane). cAMiviKLt jo. Yield. 53^. 

1H NMR (CDCyS 1.25 (6H. s), 1.31 (6H. s). 1.46 (3H. t. J = 6.9 Hz). 2.23 (2H. brs) 2 68 (2H s) 3 40 f6H 4 18 

" S'hz. ll Hzr* ^-^2 U = 7 8 HZ) 7lf(';l:.:i^^^ 

EXAMPLE 491 

'5 N<3-(6-Ethoxy-3A8.94etiahydro-3,3.8.84etrati.ethylfuro[2.3-h]isoquino«n-1-yl)phenyl]-^^^ 

11226] By the method similar to that in EXAMPLE 30. 3-(6-ethoxy-3.4.8.9-tetrahydro-3.3.8.8-tetramethylfurof2 3-hl 
.soqu.nolin-1-yl)benzenamine and chloroacetyl chloride were employed to obtain 2s:hlor;-N^3-(6.ethoxyT4 8 sl^^^ 
rahydro-3,3.8 8-tetfaiTiethylfuro(2.3-h]isoquinolln-1 -yOphenyGacetamide. This was converted to the title corr^pound bv 
20 the method similarto that in EXAMPLE 38. uumpouna oy 

yield: 50%. 

Melting point: 162-163 'C (ethyl acetate-hexane). 

1H NMR (CDCy 8 1 .24 (6H, s). 1 .32 (6H. s), 1 .46 (3H. t. J = 6.9 Hz). 2.1 9 (3H. s). 2.28 (2H. s) 2 67 (2H s) 3 34 (2H 

- ?7:^ HzK t^t^'' ' = ' ' = ^■^^^■'^^^^^^ 

EXAMPLE 492 

^ N^3-(6-Ethoxy-3.4.8.94etrahydro-3.3.8.8-tetramethylfuro[2.3-h]isoquinolin-1-yl)phenyl]-2-(methylsulfinyl)acetamide 

I^^ tttle compound was obtained from N-{3-(6-ethoxy-3.4.8.9-tetrahydro-3,3.8.8-tetramethylfuror2 3-hlisoqui- 
nolin-1-yl)phenylJ-2-(methylthio)acelamide by the method similarto that in EXAMPLE 39 Yield- 67% 
Melting point: 114-118 "C (ethyl acetate-hexane). 

35 dTr2^?SS'3'9VMi^^ t '-^^Vf; L"? ' = (2H. s). 2.69 (3H. s). 3.73 (1H. 

OH. m;,'il5:65?^^^ ^ = ^-^^ r HZ). 7.32-7.39 

EXAMPLE 493 

*> N-{Hydroxymethyl)-3-(3.4.8.9-tetrahydro^-methoxy-3.3.8.8-tetramethylfuro[2.3-hJisoquinolin-1-yl)^^ 

5 mL?Jaf st?nrT?L Rn oJT^^^^ ^' ^''^ P"*^^'""^ ^^'^^ 9' 2-64 mmol) in acetonitrile 

« wtt^a sXaS ^on^o '° ' T'^^ '"'^"^^ «"^Wned 

washerwr^^r^^^^^ f " °' ^"^ ^'^'^^^ '"'"^ extract was 

washed with ««ter.andconcentratedunder reduced pressure. TTieresid^^ 

on a s.l«:a gel (ethyl acetate^methanol 19:1) to obtain the title compound (0 40 g yield 74%) 

Amoiphous. 3. 7 • /. 

50 (1H, s). 7.39-7.48 (2H.m). 7.83-7.89 (2H,m), 8.05-8.11 (IH.m). 
EXAMPLE 494 

_^ N-Memyl-3-{3,4.8.9.tetrahydro-4-hydroxy-6^ethoxy.3,3.8,8-tetramet^^^ 

S^Lorinl^Tr^^ Tk"'!'^'"^'' N-'"ethyh3-(3.4.8.9-tetrBhydro-6.methoxy-3.^ 
l^.3-hjisoquinolin-l -yObenzamide by the method similar to that in EXAMPLE 291 yield- 35% 
Melting point: 215-216 (ethyl acetate). ' 
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1H NMR (CDCy 6 1.25 (6H. s). 1 .29 {6H. s). 2.16 (2H. s). 2.95 (3H. d. J = 4.4 Hz). 3.95 (3H, s) 4.44 (1H. s) 6 98 
(1H. s). 7.18 (1H. br s), 7.42-7.50 {2H, m), 7.81 (1H, s). 7.87-7.91 (1H, m). 

EXAMPLE 495 

N-lrfethyl-3-(3,4,8,94etrahydro-6-methoxy-3,3.8,8-tetramethyl-4-oxofuro[2,3-h]isoq 



• [1230] The title compound was obtained from N-niethy!-3-(3,4.8.9-tetrahydro-4-hydfoxy-6-methoxy-3,3,8,8-tetram- 
ethylfuro[2,3-h]isoquinolin-1-yl)benzanriide by the method similar to that in EXAM 
10 Melting point: 229-231 X (ethyl acetate-diisopropyl ether). 

NMR (CDCI3) 5 1.34 (6H, s), 1,52 (6H, s). 2.17 (2H, s), 3.00 (3H, d. J = 4.8 Hz). 4.00 (3H, s), 6.36-6.48 (1H. m) 
7.44^7:69'(3Hr mh 7^7a(4Hr-s)v 7; 8fr.9f59«t''(4+Hr m)« 



15 



EXAMPLE 496 

N-(2-Amino-1,1-dimethyl-2-oxoethyl)-3-{3,4.8.9-tetrahydro-4-hydroxy-6-methoxy-3,3,8,8-t^^^ 
isoqulnolin-1 -yl)benzamide 

[1231] The title compound was obtained from N-(2-amino-1,1-<iimethyl-2-oxoethyl)-3-{3,4,8,9-tetrahydro-6-meth- 
^0 oxy-3.3,8,8-tetramethylfuro[2^-h]isoqulnolin-1 -yl)benzamide by the method similar to that in EXAMPLE 291 Yield- 
64%. 

Melting point: 155-158 (ethyl acetate). 

1H NMR (CDCyS 1.25-1.31 (12H, m), 1.69 (6H. s). 2.20 (2H, s), 3.96 (3H. s), 4,48 (1H. s). 5.82 (1H. br s), 6.77 (1H, 
brs). 7.03 (1H, s). 7.43-7.52 (3H, m). 7.91 (2H, s). 



25 



EXAMPLE 497 



N-(2-Amino-1,1-dimethyl-2-oxoethyl)-3-(3,4,8,9-tetrahydro-6-methoxy-3.3,8,8-tetramethyl-4-oxofuro[2,3-h] 
isoquinolin-l -yl)benzamide 

30 

[1 232] The title compound was obtained from N-{2-amino-1 .1 -dimethyl-2-oxoethyl)-3-{3,4,8.9-tetrahydro-4-hydroxy- 
6-methoxy-3.3.8.8-tetramethylfuro[2,3-h]lsoquinolin-1-yl)benzamide by the method similar to that in EXAMPLE 294 
yield: 52%. 

Melting point: 180-181 *C (ethyl acetate). 
35 1H NMR (DMSO-dfi) 6 1 .26 (6H. s). 1 .41 (6H, s), 1 .45 (6H. s). 2.24 (2H. s), 3.91 (3H, s). 6.85 (1 H, br s), 7.19 (1 H. br 
s). 7.47-7.55 (3H, m). 7.90-7.98 (2H, m), 8.29 (1H, br s). 

EXAMPLE 498 

^ 3-(Bromomethyl)^-ethoxy-3,4,8,9-tetrahydro-3.8.8-trimethylfuro[2.3-h]isoquinollne hydrochloride 

[1233] Benzonitrile (20 mL) was cooled to -5 °C, aluminum chloride (2.38 g, 1 7.9 mmol) was added thereto and the 
mixture was stirred. 

Immediately after adding 7-ethoxy-2,3-dihydro-2,2-dimethyl-5-(2-methyl-2-propenyl)benzofuran (2.20 g. 8.93 mmol), 
bromine (0.46 mL, 8.93 mmol) was added dropwise to the mixture, and the mixture was stirred at -5 X for 1 hour and 
then at room temperature further for 3 hours. The reaction mixture was poured into 1 M hydrochloric acid, and washed 
with diisopropyl ether. The aqueous layer was made basic with cone, aqueous ammonia, and extracted with ethyl 
acetate. The extract was washed with water, and concentrated under reduced pressure. The residue was subjected 
to a column chromatography on a silica gel (hexane/ethyl acetate 17:3 followed by 7:3) to obtain 3-(bromomethyl)- 
50 6-ethoxy-3.4.8,9-tetrahydro-3,8,8-trimethylfuro[2,3-h]isoquinoline (1 .41 g, yield: 37%). 
An oil. 

1H NMR (CDCI3) 5 1 .31 (6H. s). 1.34 (3H, s). 1.47 (3H, t. J = 7.2 Hz). 2.18 (2H. s), 2.78 (1H. d, J = 15.9 Hz), 2.93 (1 H, 
d, J - 15.9 Hz), 3.40 (1H. d, J = 9.9 Hz), 3.55 (1H. d, J = 9.9 Hz). 4.19 {2H, q. J = 7.2 Hz), 6.65 {1H. s), 7.39 (5H, s). 
[1234] This was converted into a hydrochloride salt, which was triturated from diethyl ether to obtain the title com- 
55 pound (1 .40 g, yield from 7-ethoxy-2,3-dihydro-2,2-dimethyl-5-(2-methyl-2-propenyl)benzofuran: 34%). An aliquot was 
crystallized from ethyl acetate. 
Melting point: 156-159 *C. 

1H NMR (DMSO-dfi) 5 1 .22 (3H, s). 1 .24 (3H. s). 1 .37 (3H. t. J = 6.9 Hz). 1 .59 (3H. s). 2.1 7 (2H. s). 3.35 (2H. s). 3.83 
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(1H. d. J = 10.8 Hz). 3.92 (1H. d, J = 10.8 Hz), 4.24 (2H. q. J = 6.9 Hz), 7.11 (1H. s), 7.59-7.78 (5H. m). 
EXAMPLE 499 

6-Ethoxy-3.4.8.94etrahydfD-N.N.3.8.8i)entamethy^3-furo[2,3-hJisoquino^ 

. !in 'H!^^: ^"""^""^ "'ethylamine (2 mL) and N.N-dimethylacetamide (3 mL) was stirred 

at 180 C for 14 hours in a sealed tube. The reaction solution was combined with a saturated aqueous solution of 
sodium hydrogen carbonate, and extracted with ethyl acetate. The extract was washed with water, and concentrated 
under reduced pressure. The residue was subjected to a column chromatography on a sflica gel (hexane/ethyl acetate 
1^1^faltowed*rhexane/ethyfracetatertnethylamiHe-'92.&3),ancWhew 

ii^,s^:::^^,''^ij^2T '■^''^^-'''''''-^^^''^^^^^^^^^^ 

An oil. 

lHNMR(COGl3)51.22-1.32(9H,m). 1.45 (3H.t,J = 7.0 HZ). 2.18 (2H.S). 2.31 (6H. S). 2.35-2.51 (2H m) 264 (1H 
d, J = 15.6 HZ). 2.97 (IN, d, J = 15.6 Hz). 4.17 (2H. q, J = 7.0 Hz), 6.62 {1H. s). 7.38 (SH S) ^ 
[1236] TWs was converted into a hydrochloride salt, crystalized from ethyl acetate to obtkin the title compound (0 20 
g. ineld.from 3-(bromomethyl)-6-ethoxy^.4.8.9-letrahydro 

Melting pointri 45-1 47 ^C. ' / 

iHNMR(DMSO-d6)61.23(3H.s).1.25(3H.s),1.38(3H.t.J = 6.9H2).1.54-1.62(3H.m).2 11 (1H d J-162H2^ 
2.28(1H.d.J = 16.2Hz).2.91(6H.s).3.20(2H.s).3.60(2H.s).4.23(2H:q.J = 6.9Hkfoio^^^^^ 

EXAMPLE 500 

6-Ethoxy-N-ethy|.3,4.8.9-tetrahydro-N.3.8.8-tetramethyl-3-fuio[2,3-hIisoquinolinemethanaminedihydrochloridG . 

fo?M- compound was obtained from 3-(bromomethyl)-6-ethoxy.3,4.8.9-tetrahydro-3.8.8-trimethylfuro 

I2.3-h]isoquinoline hydrochloride and N-ethylmethylamine by the method similar to that in EXAMPLE 499 Yield- 33% 
Melting point: 1 46-1 49 'C (ethyl acetate) ' 

Hz). 2.26 (1H. d. J = 1 6.4 Hz). 2.89 (3H. s), 3.20-3.61 (6H, m). 4.23 (2H. q, J = 6.8 Hz). 7.03 (1 H. s). 7.60-7.65 (5H. m). 
EXAMPLE 501 

'^^L!f^^''*'®f'^®^'^*'^^'°'^*''**'^"^'^'^'^''^'''^*y'f"^°[2.3-hlisoquinolin-1-yl)phen (3.50 g. 9 96 mmol) 
wasaddedtoasolutionof potassium hydroxide(587mg.10.5mmol) in water{30mL)-acetone(30 ml), and the 
was stirred at room temperature for 20 minutes. With cooling in ice. N.N-dimethythiocarbamoyI chloride (1 .42 g. 1 1 5 
mmol) was added to the mixture, and the mixture was stirred at room temperature for 3 hours. Acetone was Jstilled 

^LT^!!.*;!? '"^ ""^"^^ ^"^^^ ^^'^'"S ^ ^ ^''"e""^ of sodium hydroxide, and 

hvdmvSr^l ethyl^ acetate. TT,e combined organs layer was washed with 1 M aqueous solution of sodium 
hydroxide and bnne. dned over sodium sulfate, filtered, and concentrated under reduced pressure. The residue was 
sul>jec ed to a column chromatography on a basic silica gel (hexane/ethyl acetate 5:1 followed by 3:1) to obtain 3.40 
ll^ZZ^T Ir I "^T ."^P^""**- mg of them was dissolved in ethyl acetate, combined with 4 M hydrogen 
chlonde/ethyLacetate solution, concentrated under reduced pressure, triturated from diethyl ether to obtain the title 
compound (745 mg, yield: 57%). 
Amorphous. 

fSH^wT flM '^^ V,f .t"'/^' ' "-^^-^-^^ (2"' '">' 3-^7 (2H. s). 3.20-3.50 (6H. m). 3.94 

(3H. s). 7.09 (1 H. s). 7.37-7.54 (3H. m). 7.67-7.74 (1 H. m). 1 2.70 (1 H. br s). 

EXAMPLE 502 

2-{3-(3.4,8,9-Tetrahydro-6-methoxy-3,3,8.8-tetramethylfuro[2.3-h]isoquinolin-1-yl)phenoxy]acetamide 

[1239] Potassium tert-butoxide (380 mg. 3.37 mmol) was added to a solution of 3-(3.4,8,9-tetrahydro-6-methoxy- 



239 

I270577A1J > 



EP 1 270 577 A1 



3,3.8,8-tetramethylf uro[2,3-h]isoquinolin-1 -yl)phenol (21 5 mg, 0.61 2 mmol) in N,N-dimethylformamide (2 mL) with cool- 
ing in ice, and the mixture was stirred at room temperature for 1 hour. 2-Bromoacetamlde (279 mg, 2.02 mmol) was 
added and the mixture was stin-ed at room temperature for 2 hours, and then stin-ed at 90 **C for 24 hours. Water was 
poured into the reaction mixture, which was then extracted twice with ethyl acetate. The combined organic layer was 
5 washed with 1 M aqueous solution of sodium hydroxide and brine, dried over sodium sulfate, filtered, and concentrated 

\unde> reduced pressure. The residue was subjected to a column chromatography on a basic silica gel (hexane/ethyl 
acetate-1:2 followed by hexane/ethyl acetate/triethylamine 15:30:1), crystallized from diethyl ether-hexane to obtain 
' the title compound (130 mg, yield: 52%). 
Melting point: 1 72-1 74 "C. 

10 1H NMR (CDCy 6 1 .25 (6H, s). 1 .32 (6H, s). 2,24 (2H, br s). 2.69 (2H. s). 3.93 (3H. s). 4.53 (2H, s), 5.63 (1 H, br s). 
6.60 (1H, brs), 6.62 (1H, s), 6.93-7.05 (3H, m), 7.29-7.37 (1H, m). 

EXAMPLE 503 

IS N-Methyl-3-(3,4,8,94etrahydro-6-methoxy-3.3.8.8-tetramethylfuro[2,3-h]isoquinolin-1-yl)benzenesulfon^ 
hydrochloride 

[1240] A suspension of O-cyano-N-methylbenzenesulfonamide (2.10 g, 10.7 mmol) in acetic acid (10 mL)-toluene 
(1 7 mL) was treated with cone, sulfuric acid (1 .2 mL, 22.5 mmoO with cooling In Ice, 1 -(2,3-dlhydro-7-methoxy-2,2-dime- 

20 thyl-5-ben20furanyl)-2-methyM -propanol (3.20 g, 1 2.8 mmol) was added thereto at room temperature, and the mixture 
was stirred at 80 *C for 1 hour. Ice water was poured into the reaction mixture, which was then washed with diethyl 
ether. The aqueous layer was neutralized with cone, aqueous ammonia, and extracted twice with ethyl acetate. The 
combined organic layer was washed with brine, dried over sodium sulfate, filtered, and concentrated under reduced 
pressure. The residue was subjected to a column chromatography on a silica gel (hexane/ethyl acetate 1:1 followed 

25 by hexane/ethyl acetate/triethylamine 25:25:1) to obtain a free base of the title compound. This was dissolved In ethyl 
acetate, combined with 4 M hydrogen chloride/ethyl acetate solution, concentrated under reduced pressure, and crys- 
tallized from ethanol-ethyl acetate to obtain the title compound (3.1 9 g, yield: 64%). 
Melting point: 164-167 *C. 

1H NMR (DMSO-dg) 5 1 .22 (6H, s), 1 .46 (6H, brs), 2.13 (2H, s), 2.45 (3H. d. J = 4.8 Hz). 3.04-3.30 {3H. m), 3.95 (3H, 
30 s). 7,11 (1 H. s). 776-8.26 (4H. m). 

EXAMPLE 504 

2^(Methyi)[[(3,4,8,9-tetrahydrD-6-methoxy-3,3,8,8-tetramethylfuro[2,3-h]isoquinolin-1-yl)phenyl]sulf 
35 acid ethyl ester hydrochloride 

[1 241 ] Sodium hydride (66% dispersion in oil) (1 48 mg, 4.07 mmol) was added to a solution of N-methyl-3-(3,4,8,9-tet- 
rahydro-6-methoxy-3,3,8,8-tetramethylfuro[2,3-h]isoqutnolin-1-yl)benzenesulfonamide hydrochloride (900 mg, 1.94 
mmol) In N.N-dimethylformamide (9 mL) with cooling in Ice, and the mixture was stin-ed at room temperature for 30 

40 minutes. With cooling in ice, ethyl bromoacetate (0.23 mL, 2.03 mmol) was added to the mixture and the mixture was 
stirred at room temperature for 5 hours. Water was poured into the reaction mixture, which was extracted twice with 
ethyl acetate. The combined organic layer was washed with water and brine, dried over sodium sulfate, filtered, and 
concentrated under reduced pressure. The residue was subjected to a column chromatography on a basic silica gel 
(hexane/ethyl acetate 3:1) to obtain a free base of the title compound. This was dissolved in ethyl acetate, combined 

^5 with 4 M hydrogen chloride/ethyl acetate solution, concentrated under reduced pressure, crystallized from ethyl acetate 
to obtain the title compound (680 mg, yield: 64%). 
Melting point: 122-125 "C. 

NMR (DMSO-dfi) 51.17 (3H, t, J = 7.0 Hz). 1,22 (6H, s), 1.46 (6H, br s), 2.17 (2H, s). 2.87 (3H, s), 3.17 (2H, s), 
3.94 (3H, s), 4.06 (2H. q, J = 7.0 Hz). 4.12 (2H, s), 7.11 (1H, s), 7.81-7.92 (2H. m). 8.09-8.13 (2H, m). 

so 

EXAMPLE 505 

2^(Methyl)P-(3,4,8,9-tetrahydro-6-methoxy-3,3,8,8-tetramethyffuro[2,3-h]isoquinolin-1-yl)phenyOsulfonyl 
acetamide 

55 

[1 242] 5 M aqueous solution of sodium hydroxide ( 1 .5 mL) was added to a solution of 2-[(methy»)lI(3,4,8,9-tetrahydro- 
6-methoxy-3,3,8,8-tetramethylfuro[2.3-h]isoquinoIin-1-yOphenyllsulfonyl]amino]acetic acid ethyl ester hydrochloride 
(464 mg. 0.842 mmol) in ethanol (1.5 mL)*and the mixture was stirred at room temperature for 1 hour. After distilling 
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ethanol off under reduced pressure, water was added and the mixture was adjusted at pH 6 whh 5 M hydrochloric acid 
and extracted twice with ethyl acetate-tetrahydrofuran. The combined organic layer was dried over sodium sulfate' 
filtered, concentrated under reduced pressure to obtain 2-[(methyl)[I3-(3.4.8,9-tetrahydro-6-methoxy-3 3 8 8-tetfame- 
thylfuro[2,3-hlisoquinolin-1-yl)phenyl]sulfonyl]amino] acetic acid (394 mg). 1-Ethyl-3-(3-dimethylaminopropyl)cart5od- 
imnide hydrochloride (1 99 mg. 1 .04 mmol) and 1 -hydroxy-1 H-benzotriazole monohydrate (123 mg 0 802 mmol) were 
added tj> a solution of the resultant acetic acid derivative (390 mg) in N.N-dimethylformamide (2 mL) and the mixture 
was stirred at room temperature for 30 minutes. After cooling with ice, cone, aqueous ammonia (0.5 mL) was added 
to the mixture, and the mixture was stin-ed at room temperature for 1 hour Water was poured into the reaction mixture 
whch was then extracted twice with ethyl acetate-tetrahydrofuran. The combined organic layer was washed with a 
bnne, dned over sodium sulfate, filtered, and concentrated under reduced pressure. The residue was subjected to a 
column chromatography on a basic silica gel (hexane/ethyl acetate 3:1), crystallized from ethyl acetate-hexane to 
oWa^fr^hedt^exs»^npo^i^nd'(55^^yield•--14%^> 
Melting point: 105-107 'C. 

1H NMR (CDCI3) 5 1.26 (6H. s). 1.33 (6H, s). 2.16 (2H, s). 2.72 (2H, s), 2.86 (3H. s), 3.66 (2H, s). 3.93 (3H s) 5 58 
(1H.brs). 6.58 (IH.brs), 6.64 (1H.S), 7.59-7.86 (4H.m). tJM, s). t,.58 

EXAMPLE 506 

^^SehydJ^^Sr'*^'"^'''^'^'^'^'^'^''^''^'"^'''^'^ 

^ ^T'T. N-[3-[(3-cyanoben2enesulfonyl)amino]phenylJacetamide (1.39 g. 4.41 mmol) in acetic add (5 
mIO-toluene (8 mL) was treated dropwise with cone, sulfuric acid (0.52 mL, 9.70 mmol) with cooling in ice and 1-(23-di- 
hydro-7-methoxy-2.2-dimethyl-5-benzofuranyl)-2-methyl-1-propanol (1.32 g. 5.29 mmol) was added thereto at room 
temperature, and the mixture was stin^ed at 60 "C for 3 hours. Ice water was poured into the reaction mixture which 
was washed with diethyl ether. The aqueous layer was neutralized with cone, aqueous ammonia, and extracted twice 
with ethyl acetate. The combined organic layer was washed with brine, dried over sodium sulfate, filtered and concen- 
trated under reduced pressure. The residue was subjected to a column chromatography on a silica gel (hexane/ethyl 
! !. : L° ^ '^^ '° ^ ''^ °' compound. This was dissolved In ethyl acetate, combined 

with 4 M hydrogen chloride/ethyl acetate solution, concentrated under reduced pressure, triturated from diethyl ether 
to obtain the title compound (815 mg, yield: 48%). 
Amorphous. 

1H NMR (DMSO-de) 5 1.09 (6H. s), 1.45 (6H. s), 1.73-2.00 (2H. m), 1.94 (3H, s). 3.17 (2H, s). 3.93 (3H, s). 6.65-6.78 
(1H. m). 7.10-7.13 (3H. m). 7.66 (1H. s), 780-790 (2H. m). 8.05-8.20 (2H. m). 10.05 {1H. s). 10.58 (1H, s). 

EXAMPLE 507 



[12441 A suspension of 2-[[(3-cyanobenzene)sulfonyl]amino]acetamide (180 mg. 0.752 mmol) in acetic acid (1 mL)- 
toluene (1 .6 mL) was treated dropwise with cone, sulfuric acid (0.088 mL. 1 .65 mmol) with cooling in ice. 1 -(2.3-dihydro- 
7-methoxy-2 2-dimethyl-5-ben2ofuranyl)-2-methyl-1-propanol (226 mg, 0.903 mmol) was added thereto at room tem- 
^rhonL w '^K? ^'"^ ^' ^° 2 """'^ ^^'^^ P°"^«<^ the reaction mixture, which was 
!S T ^ '^y^"" '^^^ "'i'h cone, aqueous ammonia, and extracted twice 

with ethyl acetate. The combined organic layer was washed with brine, dried over sodium sulfate, filtered and concen- 
ra ted under reduced pressure. The residue was subjected to a column chromatography on a silica gel (ethyl acetate 
followed by ethyl acetate/methanol 1 0:1 ) to obtain a free base of the title compound. This was dissolved in ethyl acetate 
combined with 4 M hydrogen chloride/ethyl acetate solution, concentrated under reduced pressure, triturated froni 
diethyl ether to obtain the title compound (189 mg, yield: 50%). 
Amorphous. 

7^10 ^ol^u it"' ' 2O0-2-30(2H. m), 3.17 (2H. s). 3.30-3.60 (2H. m). 3.94 (3H. s). 

7.10 (2H.S). 7.42 (1H.S). 7.80-7.87 (2H.m), 8.04 (1H,s), 8.11-8.25 (2H,m). 
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EXAMPLE 508 

N-(Hexahydro-2-oxo-1H-a2epin-3-yl)-3-(3,4,8,9-tetrahydro-6-methoxy-3.33.8-tet^^ 
benzenesutfonamide hydrochloride 

5 

\[1245] A suspension of 3-cyano-N-(hexahydro-2-oxo-1H-a2epin-3-yl)ben2enesulfonamide (360 mg, 1 .23 mmol) in 
. acetic afcid (2 mL)-toluene (3.2 mL) was treated dropwise with cone, sulfuric acid (0.1 4 mL, 2.71 mmol) with cooling in 
• ice, and stirred at room temperature for 5 minutes. 1-(2,3-dihydro-7-methoxy-2,2-dimethyl-5-benzofufBnyl)-2-methyi- 
1 -propanol (369 mg. 1 .47 mmol) was added to the mixture, and the mixture was stin-ed at 65 **C for 3 hours. Water 
10 was poured into the reaction mixture, which was washed twice with diethyl ether. The aqueous layer was neutralized 
with cone, aqueous ammonia, and extracted twice with ethyl acetate. The combined organic layer was washed with 
brine, drie^aversodium^-scjHatev fWtefed^and^^^ 

column chromatography on a basic silica gel (hexane/ethyl acetate 1:2) to obtain a free base of the title compound. 
This was dissolved in ethyl acetate, combined with 4 M hydrogen chloride/ethyl acetate solution, concentrated under 
15 reduced pressure, triturated with diethyl ether to obtain the title conru^ound (270 mg, yield: 39%). 
Amorphous. 

1H NMR (DMSO-dg) 6 1.22 (6H, s), 1.44 (3H. s), 1.45-1.85 (4H. m). 1.47 (3H, s), 2.00-2.35 (2H, m). 2.90-3.15 (2H, 
m), 3.16 (2H, s), 3.39-3.45 (2H. m). 3.94 (3H. s). 4.00-4.15 (1H, m), 7.10 (1H, s), 7.65-7.90 (2H. m). 7.82 (2H, br s). 
8.03-8.20 (2H, m). 

20 

EXAMPLE 509 

Si3-{3,4,8,9-Tetrahydro-6-methoxy-3,3,8.8-tetramethylfuro[2,3-h]isoqi«nolin-1-yl)phenylldimethylcafb 
hydrochloride 

25 

[1 246] A suspension of S-(3-cyanophenyl) dimethylcarbamothioate (637 mg, 3.09 mmol) in acetic acid (4 mL)-toluene 
(6.5 mL) was treated dropwise with cone, sulfuric acid (0.36 mL, 6.80 mmol) with cooling in ice, 1 -(2,3-dihydro-7-meth- 
oxy-2.2-dimethyl-5-ben2ofuranyl)-2-methyl-1 -propanol (928 mg, 3.71 mmol) was added thereto at room temperature, 
and the mixture was stln-ed at 80 ^'C for 1 hour. Ice water was poured into the reaction mixture, which was then washed 
30 with diethyl ether. The aqueous layer was neutralized with cone, aqueous ammonia, and extracted twice with ethyl 
acetate. The combined organic layer was washed with brine, dried over sodium sulfate, filtered and concentrated under 
reduced pressure. The residue was subjected to a column chromatography on a basic silica gel (hexane/ethyl acetate 
5:1 followed by 3:1) to obtain a free base of the title compound as an amorphous material. 

1H NMR (CDCI3) 6 1.24 (6H, s), 1.33 (6H, s). 2.39 (2H. br s), 2.67 (2H. s), 3.03 (6H, brs), 3.91 (3H, s), 6.59 (1H, s), 
35 7.38-7.58 (4H, m). 

[1 247] This was dissolved in ethyl acetate, combined with 4 M hydrogen chloride/ethyl acetate solution, concentrated 
under reduced pressure, triturated with diethyl ether to obtain the title compound (618 mg, yield: 42%). 
Amorphous. 

1H NMR (DMSO-dfi) 5 1 .23 (6H, s), 1 ,42 (3H, s). 1 .45 (3H, s), 2.13 (1 H, br d, J = 1 5.8 Hz). 2.40-2.60 (1 H, m), 2.94 
^ (3H. s), 3.00-3.50 (2H, m), 3.05 (3H, s), 3.94 (3H, s), 7.09 (1H. s). 7.68-7.80 {4H. m). 

EXAMPLE 510 

3,4,8,9-Tetrahydro-6-methoxy-3.3,8,8-tetramethyl-1-[3-(methylthio)phenyl]furo[2,3-h]isoqulnoljne hydrochloride 

45 

[1 248] 28% sodium methoxide/methanol solution (2 mL) was added to a solution of S-[3-(3.4,8,9-tetrahydro-6-meth- 
oxy-3.3,8,8-telramethylfuro[2,3-h]isoquinolin-1-yl)phenyl] dimethylcart3amothloate(1.12 g, 2.55 mmol) In N,N-dimeth- 
ylformamide (10 mL) with cooling In Ice, and the mixture was stirred at room temperature for 1 hour Ice water was 
poured into the reaction mixture, which was neutralized with 5 M hydrochloric add, and extracted three times with ethyl 

50 acetate. The combined organic layer was washed with brine, dried over sodium sulfate, filtered and concentrated under 
reduced pressure. The residue was dissolved in N,N-dimethylfomnamide (10 mL), sodium hydride (66% dispersion in 
oil) (93 mg, 2.55 mmol) was added thereto and the mixture was stirred at room temperature for 20 minutes. With cooling 
In ice, iodomethane (0.16 mL, 2.55 mmol) was added to the mixture and the mixture was stirred at room temperature 
for 2 hours. Water was poured Into the reaction mixture, which was extracted twice with ethyl acetate. The combined 

S5 organic layer was washed with brine, dried over sodium sulfate, filtered and concentrated under reduced pressure. 
The residue was subjected to a column chromatography on a basic silica gel (hexane/ethyl acetate 10:1) to obtain a 
free base of the title compound as an amorphous material. 

IH NMR (COCy 6 1 .25 (6H. s), 1 .33 (6H. s). 2.24 (2H. s). 2.49 (3H, s), 2.69 (2H, s). 3.93 (3H, s), 6.61 (1 H, s). 7.1 3-7.31 
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(4H, m). 

[1 249] This was dissolved in ethyl acetate, combined with 4 M hydrogen chloride/ethyl acetate solution, concentrated 
under reduced pressure, crystallized from ethyl acetate to obtain the title compound (247 mq yield- 23%) 
Melting point: 130-140 "C. ■ /• 

EXAMPLE 511 

3.4.8.9-Tetrahydro-6^Tlethoxy-3.3.8.8^etramethyl-H3-(methylsulfinyOphenyllfuro[2.3-h]isoqum 

i«^eP(2^5^.mt) wa^-addetf^ a sote^^^ 
3,4.8 9-tetrahydro-6-methoxy-3.3.8.8-tetramethyH-t3-(methylthio)phenyllfuro(2.3-h]isoquinoIine (288 mq 0 755 
mmol) in methanol (3.5 mL) and the mixture was stimed at room temperature for 1 hour. Water was poured' into the 
reaction mixture, which was combined with sodium hydrogen caitonate, and extracted twice with ethyl acetate The 
combined organic layer was washed with water and brine, dried over sodium sulfate, filtered and concentrated under 

2. 1 followed by 1 :1 ) o obtain a free base of the title compound. This was dissolved in ethyl acetate, combined with 4 
M hydrogen chlonde/elhyl acetate soluUon. concentrated under reduced pressure, triturated with diethyl ether to obtain 
the title compound (257 mg, yield: 78%). 
Amorphous. 

7"76T.05 ?4h'S''^ ' ' ^•^'^ <2H. s). 3.94 (3H. s). 7.11 (1H. s). 
EXAMPLE 512 

3.4,8.9-Tetrahydro-e-methoxy-3,3.8.84etramethyl-H3-(methylsulfonyl)phenyl]furo[2.3-h]isoquh 

[1251] A solution of sodium metaperiodate (517 mg, 2.42 mmol) in water (2 mL) was added to a solution of 3 4 8 9-tet- 
rahydro-6-methoxy-3,3.8,8-tetramethyl-H3-(methylthio)phenyl]furo[2.3-h]isoquinoline hydrochloride (202 r^g 0 483 
mmol) m methanol (3 mL) and the mixture was stiaed at 60 "C for 4 hours. Water was poured into the reaction mixture 
which was combined w.th sodium hydrogen carbonate and extracted twice with ethyl acetate. The combined organk^ 
^yer was washed ««th water and brine, dried over sodium sulfate, filtered and concentrated under redt^d pressu e 
IJ! n ftH.."^^ ^ *™'^t°g'-«Phy on a basic silica gel (hexane/ethyl acetate 3:1) to obtain a 

free base of the title compound. This was dissolved in ethyl acetate, combined with 4 M hydrogen chloride/ethyl acetate 

rrp3:;;:si^^^^^^ 

Melting point: 141-145 *a 
EXA,MPLE513 

2-[[3-(3.4.8,9-Tetrahydro-6-methoxy-3,3,8,8-tetramethylfuro[2.3-hJisoquinolin-1-yl)ph6nyl]thio]acetamide 

m!l<tSfi'!^^^T'^'°^^^ dimethylcamamo- 
„ w M i T ^ '^'^ '° ^ °' 28% sodium methoxide/methanol solution (1 .43 g. 7.39 mmol) 

m f^J^-dmethytfojmamKle (8 mL) with cooling in ice, and the mixture was stirred a. room temperature for 30 minutes 
V^to- was poured into the reaction mixture, which was extracted twice with ethyl acetate-tetrahydrofuran. The combined 

ojniclayerwas washed wrth brine, dried over sodium sulfate, filtered and concemratedunder reduced p^^^ 
residue was subjected to a column chromatography on a basic silica gel (hexane/ethyl acetate 1 :2) to obtain an amor- 

(298 mg.ti"d ^1).^'- "^^ "^^^"^ acetate-hexane to obtain the title compound 

Melting point: 118-120 
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EXAMPLE 514 

2KI3-(3.4,8,9Tetrahydro-6-methoxy-3,3.8,8-tetramethylfuro[2,3-h]isoqulnolin-1^ 
hydrochloride 

5 

• [12531 A solution of sodium metaperiodate (655 mg, 3.06 mmol) in water (2.5 mL) was added to a solution of 
Y 2-[[3-(3,H,8,9-tetrahydro-6-methoxy-3,3,8,8-tetramethylfuro[2,3-h]isoquinolin-1-yl)phenyl]th (401 mg, 

• 0.945 mmol) in methanol (4 mL) and the mixture was stirred at room temperature for 3 hours. Water was poured into 
the reaction mixture, which was neutralized with sodium hydrogen carbonate, and extracted three times with ethyl 
10 acetate. The combined organic layer was washed with water and brine, dried over sodium sulfate, filtered and con- 
centrated under reduced pressure. The residue was subjected to a column chromatography on a basic silica gel (hex- 
ane/ett^acetate^tr3 fo«owed!by<e%l*aGetate)^ob^ 

acetate, combined with 4 M hydrogen chloride/ethyl acetate solution, concentrated under reduced pressure, triturated 
with diethyl ether to obtain the title compound (357 mg, yield: 79%). 
IS Amorphous. 

1H NMR (DMSO-dg) 6 1.23 (6H. s), 1.47 (6H, s), 2.17 (2H. s), 3.17 (2H, s), 3.80 (1H. br d, J = 13.4 Hz), 3.94 (3H. s), 
4.04 (1H, d, J = 13.4 Hz), 7.10 (1H. s), 7.36 (1H, s), 7.75-8.03 (5H. m). 

EXAMPLE 515 

20 

2- [{3-(3,4,8,9-Tetrahydro-6-m.ethoxy-3,3,8,8-tetramethytfuro[2,3-h]isoquinolin-1-yl)phenyl]sulfonyl]a^^ 
hydrochloride 

[1254] A solution of sodium metaperiodate (1.22 g, 6.72 mmol) in water (4 mL) was added to a solution of 
25 2-([3-(3.4.8.9-tetrahydro-6-methoxy-3,3,8,8-tetramethyffuro[2,3-h]isoquinonn-1-yl)phenyl]thio]acetamide (486 mg, 
1.14 mmol) In methanol (6 mL) and the mixture was stirred at 70 for 6 hours. Water was poured Into the reaction 
mixture, which was combined with sodium hydrogen cartaonate, and extracted twice with ethyl acetate. The combined 
organic layer was washed with water and brine, dried over sodium sulfate, filtered and concentrated under reduced 
pressure. The residue was subjected to a column chromatography ori a basic silica gel (hexane/ethyl acetate 1 :3) to 
30 obtain a free base of the title compound. This was dissolved in ethyl acetate, combined with 4 M hydrogen chloride/ 
ethyl acetate solution, concentrated under reduced pressure, triturated with diethyl ether to obtain the title compound 
(370 mg, yield: 66%). 
Amorphous. 

1H NMR (DMSO-dg) 5 1 .21 (6H, s), 1 .47 (6H, s), 2.00-2.40 (2H. m), 3.17 (2H, s), 3.94 (3H, s), 4,30-4.60 (2H, m). 7.10 
35 (1H, s), 7.35 (1H. s), 7.80 (1H. s), 784-7.98 (2H, m). 8.15-8.19 (2H. m). 

EXAMPLE 516 

3- Chloro-N-[3-(3,4,8,9-tetrahydro-6-methoxy-3,3,8,8-tetramethylfuro[2.3-h]isoquinolin-1-yl)phenyl]- 
40 1-propanesulfonamlde 

[1255] A solution of 3-(3,4,8.9-tetrahydro-6-methoxy-3,3,8,8-tetramethylfuro[2,3-h]isoqulnoIin-1-yl)benzenamine 
(729 mg, 2.08 mmol) and triethylamine (0.32 mL, 2.29 mmol) in tetrahydrofuran (7 mL) was treated dropwise with 
3-chIoropropanesulfonyl chloride (0.25 mL, 2.08 mmol) with cooling in ice, and slinred at room temperature for 3 hours. 

^5 Ice water was poured into the reaction mixture, which was extracted twice with ethyl acetate. The combined organic 
layer was washed with brine, dried over sodium sulfate, filtered and concentrated under reduced pressure. The residue 
was subjected to a column chromatography on a silica gel (hexane/ethyl acetate 2:1 followed by hexane/ethyl acetate/ 
triethylamine 25:25:1) to obtain an oil (820 mg). An aliquot (520 mg) was crystallized from ethyl acetate-hexane to 
obtain the title compound (453 mg, yield: 70%). 

^ Melting point: 163-165 *»C. 

NMR (CDCI3) 5 1.27 (6H. s), 1.33 {6H, s), 2.17-2.31 {2H. m), 2.24 (2H, s). 2,72 (2H, s), 3.12 (2H, t, J = 6.5 Hz), 
3.64 (2H, t, J = 6.2 Hz), 3.93 (3H, s), 6.61 (1H. s), 7.12-7.39 (4H, m). 

EXAMPLE 517 

55 

2-[3-(3.4.8,9-Tetrahydro-6-methoxy-3,3,8.8-tetramethylfuro[2.3-h]isoquinolin-1 -yOphenylJisothiazolidine 1 ,1 -dioxide 
[1256] 1.8-Diazabicyclo[5.4.0]undec-7-ene(0.11mL,0.753mmol)wasaddedtoaso!utionof3-chloro-N-[3-(3.4,8,9-tet- 
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rahydfO-6-»nethoxy-33.8.8-tetramethylfuro[2.3-hIisoquinolin-1-yl)phenyl]-1-propanesulfonamide (352 mg 0 717 
mmol) m toluene (3 mL) and the mixture was stirred at 1 10 °C for 1 hour. Water was poured into the reaction mixture 
The mixture was neutralized with 1 M hydrochloric acid, and extracted twice with ethyl acetate. Tlie combined organic 
layer was washed with brine, dried over sodium sulfate, filtered and concentrated under reduced pressure The residue 
was crystallized from ethyl acetate-diethyl ether to obtain the title compound (112 mq yield- 34%) 
Melting point: 114-116 -C. u o^a.;. 

1H NMR (CDCI3) 5 1.26 (6H. s), 1 .33 (6H, s), 2.30 (2H, s), 2.45-2.60 (2H, m), 2.70 (2H, s). 3.38 (2H t J = 7 5 Hz) 
3.81 (2H. t, J = 6.6 Hz), 3.92 (3H. s). 6.60 (1H, s), 7.24-7.27 (2H. m). 7.39-7.42 (2H. m). 

EXAMPLE 518 

N5NMD«TwttiyW-{3'(3.. Wtet^^ 

[1257] Triethylamine (0.15 mL. 1 .07 mmoQ and dimethylsulfamoyi chloride (0.10 mL. 0.970 mmol) were added to a 
solution Of 3-(3.4.8.9-tetrahydro-6-methoxy-3.3,8,8-tetramethylfuro[2,3-h]isoquinolin-1-yl)benzenamine (340 mq 
0.970 mmol) in tetrahydrofuran.(3 mL) with cooling in ice, and the mixture was heated under reflux for 1 5 hours Water 
was poured into the reaction mixture, which was made basic by adding 1 M aqueous solution of sodium hydroxide 
and extracted twice with ethyl acetate. The combined organic layer was washed with a brine, dried over maqnesium 
sulfate, filtered, and concentrated under reduced pressure. The residue was subjected to a column chromatography 
on a b^'csihca gel (hexane/ethyl acetate 1:2). and aystallized from diethyl ether to obtain the title compound S26 
mg, yield: 51%). ^ 
' Melting point: 134-136 ^'C 

EXAMPLE 519 

N-[3-(3,4.8.9-Tetrahydro-6-methoxy-3.3.8,8-tetramethylfuro[2,3-hlisoquinolin-1-yl)phenyl]-2-pfopenamide 

[1258] Tnethylamine (0.47 mL. 3.36 mmol) and 3-chloropropionyl chloride (0.31 mL, 3.21 mmol) were added to a 
solution of 3-(3.4.8 9-tetrahydro-6-methoxy-3,3,8,8-tetramethylfuro[2.3-h]isoquinolin-1-yl)benzenamine (1.07 g 3 05 
mmol) m tetrahydrof uran (1 0 mL) with cooling in ice, and the mixture was stirred at the same temperature for 1 5 houre 
ce water was poured to the reaction mixture, which was extracted three times with ethyl acetate. The combined organic 
layerwas washed with bnne. dried over sodium sulfate, filtered and concentrated under reduced pressure The residue 
m^!!!?f^c Jf.f chromatography on a silica gel (hexane/ethyl acetate 1 :1 followed by hexane/ethyl acetate/ 

Z^Zm^ hTTTi T ^••'^'"-^^'^^"^ *° ^^'^i" 1 1 '"i'«"re (1.12 g) of the title compound and 

om,s substance in N.N-dimethylfomiamide (1 0 mL) and the mixture was stirred at 60 'C for 4 hours. Water was poured 
into tte reaction mixture, which was extracted twice with ethyl acetate. TTie combined organic layer was washed with 
water and brine, dned over sodium sulfate, filtered and concentrated under reduced pressure. The residue was sub- 
jected to a column chromatography on a basic silica gel (hexane/ethyl acetate 3:1). crystallized from diethyl ether- 
diBopropyl ether to obtain the title compound (41 9 mg, yield: 34%). 
Melting point: 188-190 "C. 

6^22 MH ^S"",'^ ?J ' ^ ^ '° ^-^^ ^-^4 (1H. dd, J = 10.0. 1 .6 Hz). 

-8.0 Hz). 7.44 (1H.S), 7.77 (IH.d. J = 8.0 Hz), 7.96(1 H.s). 
EXAMPLE 520 

4-Chloro-N-I3-(3,4,8,9-tetrahydro-6-methoxy-3,3,8,8-tetramethylfuro[2,3-hlisoquinolin-1-yl)phenyl]butanamide 

f?®"^ , ^-^^ """'"^ ^"'^ 4^hlorobutyryl chloride (0.62 mL. 5.54 mmol) were added to a so- 

lution of 3-(3.4,8.9-tetrahydro-6-methoxy-3.3.8.8-tetramethylfuro[2.3-h]isoquinolin-1-yl)ben2enamine (1 85 q 5 28 
mmol) ,n tetrahydrofuran (1 5 mL) with cooling in ice, and the mixture was stirred at the same temperature for 1 hour 

^ ,T ^T^"' ^^'^ P°"^^*^ "''^"re. which was extracted 

^IT^T ^ "'^^""^ "^"^ ''"^ oversodium sulfate, filtered and concentrated under 

reduced pressure. The residue was crystallized from diethyl ether-diisopropyl ether to obtain the title compound (2 25 



245 

1270Sr7A1J_> 



EP 1 270 577 A1 



g, yield: 94%). 

Melting point: 146-148 **C. 

1H NMR (CDCI3) 6 1.25 {6H, s). 1.32 (6H. s). 2.10-2.23 (2H, m), 2.30 (2H, s). 2.52 {2H, t, J = 7.1 Hz). 2.69 (2H. s). 
3.65 (2H, t. J = 6.0 Hz), 3.92 (3H. s). 6.60 (1H. s). 7,07 (IN, d. J = 7.6 Hz). 7.31 (1H, t. J = 7.6 Hz). 7.45 (1H. s). 7.77 
5 (1H. d, J = 7.6 Hz), 7.78 (IH, s). 

EXAMPLE 621 

H3-(3,4,8,9-Tetrahydro-6-methoxy-3,3,8,84etramethyIfuro[2.3-h]isoquinolln-1-yO 
10 hydrochloride 

f1^26tjf : Potassfumcai%onate(51'4«mgi 3^72 nriiTK^ 0?338^FiTOi)*wei^adde*to^a'SokitH>ip^ > 

of 4H:hloro-N^3-(3,4,8,94etrahydro-6-methoxy-3,3,8,8-tetiBmethylfuro[2,3-hlisoquinorin-1-y^^ 

(1 .54 g, 3.38 mmol) In N.N-dimethylformamide (1 0 mL) and the mixture was stirred at 60 for 2 hours and 80 for 

IS 5 hours. Water was poured into the reaction mixture, which was extracted twice with ethyl acetate. The combined 
organic layer was washed with water and brine, dried over sodium sulfate, filtered and concentrated under reduced 
pressure. The residue was subjected to a column chromatography on a silica gel (ethyl acetate followed by ethyl 
acetate/triethylamlne 50:1 ) to obtain a free base of the title compound. This was dissolved in ethyl acetate, combined 
with 4 M hydrogen chloride/ethyl acetate solution, concentrated under reduced pressure, triturated with diethyl ether 

20 to obtain the title compound (941 mg, yield: 61%). 
Amorphous. 

NMR (DMSO-dfi) 6 1.23 (6H, s), 1.44 (6H, s), 2.02-2.15 (2H, m). 2.20-2.40 (2H, m). 2.45-2.60 (2H, m), 3.14 (2H, 
s), 3,70-4.05 (2H, m), 3.94 (3H. s). 7.09 (IH. s), 7.35 (1 H, d, J = 8.0 Hz). 7.60-7.68 (IH, m), 7.90 (IH. s), 7.94 (IH, d.' 
J = 8.0 Hz). 

25 

. EXAMPLE 622 

3-Chloro-2,2-dimethyl-N-[3-(3.4,8,9-tetrahydro-6-methoxy-3,3,8,84etramethylfuro[2,3-hlisoquinolin-1-yl)pheny^ 
propanamtde 

30 

[1262] Triethylamine (1.30 mL. 9.30 mmoO and 3-chloropivaloyl chloride (1.15 mL. 8.87 mmol) were added to a 
solution of 3-(3,4.8.9-tetrahydro-6-methoxy-3,3,8.8-tetramethy[furo[2.3-h]isoquinolin-1-yi)ben2enamine (2.96 g. 8.45 
mmol) in tetrahydrofuran (20 mL) with cooling in ice, and the mixture was stirred at room temperature for 30 minutes. 
Ice water was poured into the reaction mixture, which was extracted twice with ethyl acetate. The combined organic 
35 layer was washed with a brine, dried over sodium sulfate, filtered and concentrated under reduced pressure. The 
residue was crystallized from ethyl acetate-hexane to obtain the title compound (3.83 g, yield: 97%). 
Melting point: 189-191 **C. 

NMR (CDCI3) 6 1 .24 (6H, s), 1 .32 (6H, s). 1 .42 (6H. s). 2.31 (2H, s), 2.68 (2H, s), 3.70 (2H, s). 3.92 (3H, s), 6.61 
(IH. s). 7.12 (IH. dd. J = 7.6. 1.4 Hz). 7,35 (IH, t, J = 7.6 Hz). 7.48 (1H, t. J = 1.4 Hz). 7.65 (IH. br s). 7.81 (IH. dd, 
40 J = 7.6, 1.4 Hz). 

EXAMPLE 523 

3,3-Oimethyl-1-[3-(3.4.8,9-tetrahydfD-6-methoxy-3.3.8,8-tetramethylfuro[2,3-h]isoquinolin-1-yl)phenyl]- 
45 2-azethidinone hydrochloride 

[1 263] Potassium carbonate (529 mg, 3.83 mmol) and potassium iodide (58 mg, 0.348 mmol) were added to a solution 
of 3-chloro-2,2-dimethyl-N-[3-(3,4,8,9-tetrahydro-6-methoxy-3.3,8,8-tetramethylfuro[2,3-h]isoquinohn-1-yl)phenyl] 
propanamide (1 .63 g, 3.48 mmol) in N,N-dimethylfomiamide (15 mL) and the mixture was stin-ed at 70 "C for 3 hours. 

^ Ice water was added to the reaction mixture, which was extracted twice with ethyl acetate. The combined organic layer 
was washed with brine, dried over sodium sulfate, filtered and concentrated under reduced pressure. The residue was 
subjected to a column chromatography on a basic silica gel (hexane/ethyl acetate 5:1 followed by 3:1) to obtain a free 
base of the title compound. This was dissolved in ethyl acetate, combined with 4 M hydrogen chloride/ethyl acetate 
solution, concentrated under reduced pressure, crystallized from ethyl acetate-diisopropyl ether to obtain the title com- 

55 pound (1 .50 g, yield: 92%). 
Melting point: 191-193 *»C. 

^H NMR (DMSO-dfi) S 1 .24 (6H, s), 1 .32 (6H, s), 1 .44 (6H. s). 2.29 (2H. s). 3.14 (2H. s). 3.58 (2H. s). 3.94 (3H. s), 7.09 
(IH. s). 7.29-7.31 (IH. m). 7.62-7.64 (3H, m). 
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^ : EXAMPLE 524 

5<)xo-N-[3-(3,4.8,9-tetrahydro-6-methoxy-3,3,8.8-tetramethylfuro[2,3-hlisoquinolm 

2- pyrrolidlnecart)oxamtde 

5 

^ [1 264] ^ Thionyl chloride (2.06 mL, 28.3 mmol) and N.N-dimethylformamide (1 drop) were added to a solution of D L- 
Y pyroglutamic acid (3.65 g, 28.3 mmol) in toluene (16 mL) and the mixture was stirred at 50 «C for 40 minutes After 
distilling the solvent off under reduced pressure, the residue was dissolved in.N.N-dimethyffomiamide (10 mL) and 

3- (3,4.8,9-tetrahydro-6-methoxy-3.3,8.8.tetramethylfuro[2,3-h]isoquinonn-1 -yl)benzenamine (1 .98 g 5 66 mmol) and 
10 tnethylamine (3.94 mL, 28.3 mmol) were added thereto, and the mixture was stin-ed at room temperature for 3 hours 

An aqueous solution of sodium chloride was poured into the reaction mixture, which was extracted twice with ethyl 
»:etate-tetehydrofuFanr#he>Gombtfiect^org^^ 

concentrated under reduced pressure. The residue was subjected to a column chromatography on a basic silica gel 
(ethyl acetate followed by ethyl acetate/hiethanol 30:1). and crystallized from ethyl acetate-hexane to obtain the title 
IS compound (1 .57 g, yield: 60%). 
Melting point: 1 45-1 47 *C- 

iHNMR(CDCl3)51.23(6H.s). 1.31 (6H. s). 2.27 (2H, s). 2.30-2.59 (4H. m), 2.67 (2H. s). 3.92 (3H. s) 420-430(1H 
m), 6,60 (1H. s). 6.94 (1H. s). 7.09 (1H, d, J = 8.0 Hz). 7.23-7.37 (1H, m). 7.53 (1H, s),7.74 (1H, d, J = 8.0 Hz). 8.60 
(1H, s). 

20 

EXAMPLE 525 



25 



30 



35 



40 



N-Methyl-5-oxo-N-[3-(3.4.8.9-tetrahydro-6-methoxy-3,3,8,8-tetranrTethylfurot2,3-h]isoquin 
2-pyrrolidinecart30xamide hydrochloride 

[1265] Thionyl chloride (0.51 mL, 7.04 mmol) and N,N-dimethylfomn amide (1 drop) were added to a solution of D L- 
pyroglutamic acid (909 mg. 7.04 mmol) in toluene (4 mL) and the mixture was stirred at 60 «C for 40 minutes. After 
distilling the solvent off, the residue was dissolved In N,N-dimethylfonnamide (4 mL), and N-methyl-3-(3 4 a 9-tetrahy- 
dro.6-methoxy-3.3.8,8-tetramethylfuro(2.3-hlisoquinolin-1-yl)benzenamine (493 mg, 1.35 mmol) and tiiethylamine 
(0.98 mL, 7.04 mmol) were added thereto with cooling in ice. and the mixture was stin-ed at room temperature for 3 
hours. Bnne was poured into the reaction mixture, which was extracted three times with ethyl acetate-tetrahydrofuran 
The combined organic layer was washed with brine, dried over sodium sulfate, filtered and concentrated under reduced 
pressure. The residue was subjected to a column chromatography on a basic silica gel (ethyl acetate) to obtain a free 
base of the title compound. This was dissolved in ethyl acetate, combined with 4 M hydrogen chloride/ethyl acetate 
solution, concentrated under reduced pressure, triturated with diethyl ether to obtain the title compound (51 6 mg. yield: 
75%). , • 

Amorphous. 

NMR (DMSO-de) 5 1.23 (6H. s). 1.47 (6H, s). 1 .90-2.30 (4H, m). 2.19 (2H, s). 3.17 (2H, s), 3.25 (3H, s). 3.94 (3H 
s). 4.00-4.15 (1H, m), 7,11 (1H, s), 7.65-7.85 (5H, m). x /. v . 

EXAMPLE 526 



#5 



>0 



2.6-Dichloro-N-[3-(3,4,8,9-tetrahydro-6-methoxy-3,3,8,8-tetramethylfuro[2,3-h]isoquinolin-1-yl)phenvn 
3-pyridinecarboxamide 

[1 266] N.N'-Carbonyldiimidazole (1 60 mg, 0.989 mmol) was added to a solution of 2.6-dichloronicotinic acid (90%) 
(1 88 mg. 0.881 aimol) in N,N-dimethylfonmamide (2.5 mL) and the mixture was stirred at room temperature for 1 hour 
3-(3,4.8,9-Tetrahydro-6-methoxy-3.3,8.8-tetramethyIfuro[2.3-h]isoquinolin-1.yl)benzenamine (347 mg, 0.989 mmol) 
was added to the mixture, and the mixture was stirred at room temperature for 1 hour and at 60 for 2 hours and 90 
°C for 15 hours. Water was poured into the reaction mixture, which was extracted twice with ethyl acetate-tetrahydro- 
furan. The combined organic layer was washed with water and brine, dried over sodium sulfate, filtered and concen- 
trated under reduced pressure. The residue was subjected to a column chromatography on a basic silica gel (hexane/ 
ethyl acetate 2:1 followed by 1 :1). crystallized from ethyl acetate-hexane tp ol)tain the title compound (95 mg, yield: 
18%). 

Melting point: 130-132 ^'C. 

NMR (CDCI3) 5 1.23 (6H,s), 1.34 (6H.brs). 2.33 (2H.S). 2.69 (2H.S). 3.93 (3H.S), 6.61 (1H s) 719(1H d J = 
7.5 Hz). 7.37-7.43 (2H. m). 7.61 (1H. s). 7.84 (1H. d. J = 7.5 Hz). 8.13 (1H, d. J = 8.0 Hz). 8.56 (1H, s). 
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EXAMPLE 527 

N^3-tta3-(3.4,8.9-Tetrahydro-6-methoxy-3,3.8.8-tetramethylfuro(2.3-h]isogui 
phenyl]acetamide hydrochloride 

5 

^ [1267] N,N'-Cart)onyldiimidazole(151 mg, 0.933 mmol) was added to a solution of 3 (3. 4, 8,9-tetrahydro-6-methoxy- 
Y -3,3.8,8:ietramethylfuro[2,3-h]isoquino(in-1-yl)ben2enamine (327 mg, 0.933 mmol) in N,N-dimethyiformamide (3 mL) 
^ and the mixture was stirred at room temperature for 1 hour. 3'-Aminoacetanilide (140 mg, 0.933 mmol) was added to 
the mixture and the mixture was stirred at room temperature for 3 hours. Ice water was poured into the reaction mixture, 
10 which was extracted three times with ethyl acetate. The combined organic layer was concentrated under reduced 
pressure. The residue was subjected to a column chromatography on a basic silica gel (hexane/ethyl acetate 1 :2, ethyl 
aG8tatefollowedby-ethyl-aGetateATiethanol'20o1-)^^ 

ethyl acetate, combined with 4 M hydrogen chloride/ethyl acetate solution, concentrated under reduced pressure, 
triturated with diethyl ether to obtain the title compound (128 mg, yield: 24%). 
15 Amorphous. 

<HNMR(DMSOKl6)5 1.24(6H,s). 1.44 (6H, s), 2.02 {3H, s), 2.18-2.55 (2H, m), 3.15 (2H. br s), 3.94 (3H s) 709 
(1H, s), 7.13-7.23 (4H, m). 7.50-7.88 {4H, m). 9.30 (1H, s). 9.59 (1H, s), 9.93 (1H. s). 

EXAMPLE 528 

20 

[3-(3,4,8,9-Tetrahydro-6-methoxy-3,3,8,8-tetiamethylfuro[2,3-h]isoquinolln-1-yl)phenyl]urea 

[1 268] Sodium cyanate (1 21 mg, 1 .87 mmol) and trifluoroacetic acid(0.36 mL. 4.67 mmol) were added to a solution 
of 3-(3,4.8.9-tetrahydro-6-methoxy-3,3,8,8-tetramethylfuro[2,3-hJisoquinolin-1 -yObenzenamine (327 mg, 0.933 mmol) 

25 in tetrahydrofuran (3 mL) with cooling in ice. and the mixture was stirred at room temperature for 1 hour The reaction 
mixture was neutralized with 1 M aqueous solution of sodium hydroxide, and extracted twice with ethyl acetate. The 
combined organic layer was washed with a brine, dried over sodium sulfate, filtered and concentrated under reduced 
pressure. The residue was subjected to a column chromatography on a basic silica gel (ethyl acetate), crystallized 
from diisopropyl ether to obtain the title compound (303 mg. yield: 83%). 

30 Melting point: 174-176 *C. 

1H NMR (CDCy 6 1 .23 (6H. s). 1 .32 (6H. s), 2.28 (2H, s). 2.70 (2H. s). 3.93 (3H. s). 4,89 (2H, br s), 6.60 (1H s) 6 98 
(1H. d. J = 7.6 Hz). 7.25-7.33 (2H. m). 7.49 (1H, d. J = 8.2 Hz). 7.55 (1H, s). 

EXAMPLE 529 

35 

N-Methyl-N-[3-(3,4,8,9-tetrahydro-6-methoxy-3,3.8.8-tetramethytfuro[2.3-h]isoquinolin-1-yl)phenyl]urea 

[1269] Sodium cyanate (1 25 mg, 1 .92 mmol) and trifluoroacetic acid (0.37 mL, 4.80 mmol) were added to a solution 
of N-methyl-3-(3,4,8.9-tetrahydro-6-methoxy-3,3,8,8-tetramethylfuro[2.3-h]isoquinolin-1-yl)benzena^ (350 mg, 

^ 0.960 mmol) in tetrahydrofuran (3 mL) with cooling in Ice, and stinred at room temperature for 1 hour The reaction 
mixture was neutralized with 1 M aqueous solution of sodium hydroxide, and extracted twice with ethyl acetate. The 
combined organic layer was washed with a brine, dried over sodium sulfate, filtered and concentrated under reduced 
pressure. The residue was subjected to a column chromatography on a basic silica gel (hexane/ethyl acetate 1:2), 
crystallized from ethyl acetate-hexane to obtain the title compound (263 mg, yield: 67%). 

^5 Melting point: 108-109 ^C. 

NMR (CDCI3) 5 1 .26 {6H, s), 1 .33 (6H, s). 2.22 (2H, s). 2.70 (2H. s), 3.28 (3H, s), 3.93 (3H. s), 4.42 (2H. br s). 6.62 
(IH.s), 7.30-7.52 (4H.m), 

EXAMPLE 530 

50 

N-Methyl-N'-[3-(3,4,8,9-tetrahydro-6-methoxy-3,3,8,8-tetramethylfuroI2,3-h]isoquinolin-1-yl)phenyl]urea 

£1270] Phenyl chlorocarbonate (0.11 mL, 0.902 mmol) and triethylamine (0.13 mL. 0.902 mmol) were added to a 
solution of 3-(3.4,8.9-tetrahydro-6-methoxy-3,3.8.8-tetramethyifuro[2.3-hJisoquinolin-1 -yObenzenamine (316 mg, 
S5 0.902 mmol) in N,N-dimethylfomTamide (3 mL) and the mixture was stinted at room temperature for 1 hour. Methylamine 
hydrochloride (73 mg. 1 .08 mmol) and triethylamine (0.31 mL. 2.26 mmol) were added to the mixture, and the mixture 
was stin-ed at room temperature for 2 hours and at 50 «C for 5 hours. Water was added to the reaction mixture, which 
was extracted three times with ethyl acetate. The combined organic layer was washed with brine, dried over sodium 
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sulfate, filtered and concentrated under reduced pressure. The residue was subjected to a column chromatography 
on a basK: s.l.ca ge (ethyl acetate followed by ethyl acetate/methanol 50:1 ), co«talllzed from ethyl acetate-diisopropyl 
ether to obtain the title compound (278 mg. yield: 76%). laic-unaot^iopyi 
Melting point: 125-127 "C. 

'H NMR (CDCI3) 5 1 .24 (6H. s). 1 .31 (6H. s). 2.29 (2H. s). 2.69 (2H, s). 2.74 (3H d J = 4 4 Hz) 3 92 fSH «; 1-? 
(1H.^br s). 6.60 (1H. s). 6.95 (1H. d. J = 7.6 Hz). 7.02 (IH. s). 7.21-7.39 (2H. m^ 

EXAMPLE 531 

N-(2-f>yridinyl)-N^[3-(3.4.8.9-tetrahydm-6-methoxy-3.3.8.8-tetramethylfuro{2.3-hJisoquinolin-1-^^^ 
t»2?1.f-Tfietfiylamine^(Ov*3»mh;.0,899'™»K^afld-^ 

solution of 3-(3.4,8.9-tetrahydro-6-methoxy-3.3.8.8-tetramethylfuro[2,3-h]isoquinolin-1-yl)benzenamine /315 mo 
40 minuses. 2-/^nopynd,ne (93 mg, 0.989 mmol) was added to the mixture and the mixture was sfiL at room 

tempenaturefor2hou,s and at.60'Cfor2hours. ice water was poured into thereacfion mixture which w^e^ 
tw.cewrth«hylacemte.Thecombinedorganiclayerwas washed widiwaterandbrfne.andconcr;^^^^^^ 

rZ^'byT^c^Lrdr^T '° ^ r""" ^^^^^^^^^^^y - - ^-'^^ ^'«- ge, (hexane/ethy"S;^e^? 
followed by 1 JZ), crystallized from diisopropyl ether to obtain the title compound (1 66 ma yield- 39%» 
Melting point: 189-191 "C. -^i. via/o;. 

EXAMPLE 532 

NK2<;hloroethyl)-N43-(3.4,8.9-tetrahydro-6HTiethoxy^.3.8,8-tetramethylfuro[2,3-h]isoquinolin-^ 

2-Chloroethyl isocyanate (0.12 mL. 1 .48 mmol) was added to a solution of 3-(3.4.8,9-tetrahydro-6-methoxv- 
3^3.8.8^tetramethWfu,o[2.3-h]isoquino,ln-1-yl)benzenamine(^ 

me r^ixture was stirred at room temperature for3 hours. An aqueous solution orsodiumchlorie was pouredTnto me 
Ze dri!!l r- H ""^l^^^ times with ethyl acetate. The combined organic layer was washS wSh 
LTul chlm t r ""^-^ reduced pressure. The residue was subjected to a 

STp^T hf '"'"^ (^«''«"^/«tM acetate 1:1 followed by ethyl acetate), ciystaiized fror^ 
diethyl ether to obtain the title compound (477 mg. yield: 71%) <.««ji>om 
Melting point: 1 47-1 50 °C. 

-5.2Hz).6.60(1H,s).6.95(1H.d.J = 7.8Hz).7.20(1H.s).7.24(1H.t.J = 7.8Hz).7.42(1H.d.J = 7.8Hz).7.59(1H.;). 
EXAMPLE 533 

1-[3-{3.4.8.9-Tetrahydro-6-methoxy-3.3.8.8-tetramethylfuro[2.3-hJisoquinolin-1-yl)phenyl]-2-imidazolidlnone 

51^' Potassi""! tert-butoxide (86 mg. 0.770 mmol) was added to a solution of N-{2<hloroethyl)-N--{3-(3 4 8 9-tet- 

ntXfeaSon IT Si'" ""^ '"'^"^^ ""^^^ t^P^^at^^e for 4 hours. Water was poured 

brine Hri^r T^' ""u"^ ^""^^ "^'""^ ^'^'^ °fga"i<= 'ayer was washed with 

wr;tooror^^^^^^ 

with diisopropyl ether to obtain the title compound (251 mg. yield: 78%) 
Melting point: 225-227 'C. 

JZ^''-^ sTHzwi'/lH • t « -^/i"' '-'^ ' ' ^ = "^)- 3-^2 (3H. s). 3.99 

d J = 7 8"hz). ^ ' ^ = ^ = ^-^S (IH. S). 7.80 (IH. 
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EXAMPLE 534 



N,N'-Dlmethyl-N43-(3,4,8,94etrahydro-€-methoxy-3.3,8,8-tetramethylfuro[2,3-h 
hydrochloride 

5 

^ [1274] ^ Chlorosulfonyl isocyanate (0,14 mL, 1 .57 mmol) was added to a solution of 2-methyl-2-propanol (0.15 mL, 
\ 1 .57 mrrtol) in tetrahydrofuran (3 mL) with cooling in ice and the mixture was stin*ed at room temperature for 30 minutes. 
• With cooling in Ice, 3-{3,4,B,9-tetrahydro-6-methoxy-3,3.8,8-tetramethylfuro[2,3-hIisoquinolin-1-yObenzenamine (500 
mg, 1 .43 mmol) and triethylamine (0.24 mL, 1 ,72 mmol) were added to the mixture and the mixture was stirred at room 
10 temperature for 2 hours. Ice water was poured into the reaction mixture, which was extracted three times with ethyl 
acetate-tetrahydrofuran. The combined organic layer was washed with brine, dried over sodium sulfate, filtered and 
concenfe^ed uodeFTediiicedpressure^The residue was subjected^O'^ 

ethyl acetate 2:1 followed by 1 :1) to obtain [[l3-(3,4,8,9-tetrahydro-6-methoxy-3,3,8,8-, tetramethylfuro[2,3-h]isoquin- 
olin-1-yl)phenyl]amino]suIfonyl]cart)amic acid 1 ,1-dimethylethyl ester (510 mg, yield: 67%) as crystals. 
15 1 H NMR (CDCI3) 5 1 .27 (6H, s). 1 .33 (6H. s), 1 .41 (9H, s), 2.22 (2H. s), 2.71 (2H, s), 3.93 {3H. s). 6.62 (1 H, s), 7.21 -7.41 
(4H, m), 

[1275] Sodium hydride (66% dispersion in oil) (36 mg, 0.991 mmol) was added to a solution of the resultant cait)amic 
acid derivative (500 mg, 0.944 mmol) In N,N-dimethylfomiamlde (5 mL) with cooling in ice, and the mixture was stirred 
at room tennperaturefor30 minutes. With cooling In ice, lodomethane (0.06 mL, 0.991 mmol) was added to the mixture 

20 and the mixture was stirred at room temperature for 3 hours. 

Water was poured into the reaction mixture, and extracted twice with ethyl acetate. The combined organic layer was 
washed with water and brine, dried over sodium sulfate, filtered and concentrated under reduced pressure. The residue 
was subjected to a column chromatography on a silica gel (hexane/ethyl acetate 2:1) to obtain an about 1 :1 mixture 
of (methyl)[[[3-(3,4,8,94etrahydro-6-methoxy-3,3,8,8-tetramethylfuro[2,3-h]isoquinolin-1-yl)phenylJamin 

25 cartjamic acid 1 .1 -dimethylethyl ester and (methyl)[[(methyl)[3-(3,4,8,9-tetrahydro-6HDethoxy-3,3,8.84etramethylfuro 
[2.3-h]isoquinolin-1 -yl)phenyl]amino]sulfonyl]carbamic add 1 ,1-dimethylethyl ester (379 mg). 
[1276] 4 M hydrogen chloride/ethyl acetate solution (3 mL) was added to the resultant mixture (370 mg) and the 
mixture was stirred at room temperature for 1 hour. Water was poured into the reaction mixture, which was neutralized 
with 5 M aqueous solution of sodium hydroxide, and then extracted with ethyl acetate. The organic layer was washed 

30 with a brine, dried over sodium sulfate, filtered and concentrated under reduced pressure. The residue was subjected 
to a column chromatography on a basic silica gel (hexane/ethyl acetate 1 : 1 ) to obtain a free base of the title compound. 
This was dissolved in ethyl acetate, combined with 4 M hydrogen chloride/ethyl acetate solution, concentrated under 
reduced pressure, triturated with diethyl ether to obtain the title compound (1 29 mg, yield: 28%). 
Amorphous. 

35 1H NMR (DMSO-dg) 5 1.19 (6H. s). 1 .40 (3H, s). 1.45 (3H. s). 1.97-2.50 {2H. m). 2.51 (3H. d, J = 4.8 Hz), 3.14 (2H. 
s), 3.15 (3H, s), 3.91 (3H, s), 7.06 (1H. s), 7.43-7,67 (4H, m). 

EXAMPLE 535 

40 N-Methyl-N43-(3,4,8,9-tetrahydro-6-methoxy-3,3,8,8-tetranriethylfuro[2,3-h]lsoquinolin-1-yl) 

[1277] After separating N,N'-dimethyl form In the column chromatography in Example 534, followed by elutlon with 
hexane/ethyl acetate 1 :2 followed by crystallization from diethyl ether, the title compound was obtained (85 mg, yield: 
21%). 

45 Melting point: 135-136 ^C. 

NMR (CDCI3) 5 1 .28 (6H, s), 1 :33 (6H, br S), 2.25 (2H, S), 2.60 (3H, s), 2.72 (2H, S), 3.93 (3H. s), 5.86 (1H, br s), 
6.62 (1H, s). 7.03-7.14 (2H. m), 7.28-7.39 (2H, m). 

EXAMPLE 536 

50 

N-[3-(3,4,8,9-Tetrahydro-6-methoxy-3,3,8,8-tetramethylfuro[2,3-h]isoquinolin-1-yl)phenyl]sulfamide hydrochloride 

[1278] 4 M hydrogen chloride/ethyl acetate solution (3 mL) was added to [[[3-(3.4,8,9-TeVahydro-6-methoxy- 
3,3,8,8-tetramethylfuro[2,3-h]isoquinolin-1-yl)phenyl]amino]su!fonyl]carbamic acid 1,1-dimethylethyl ester (539 mg, 
55 1 .02 mmol) and the mixture was stin-ed at room temperature for 3 hours. The reaction mixture was neutralized with 5 
M aqueous solution of sodium hydroxide, and extracted with ethyl acetate. The organic layer was washed with brine, 
dried over sodium sulfate, filtered and concentrated under reduced pressure. The residue was subjected to a column 
chromatography on a basic silica gel (hexane/ethyl acetate 1 :1 followed by ethyl acetate) to obtain a free base of the 
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title compound. This was dissolved in ethyl acetate., combined with 4 M hydrogen chloride/ethyl acetate solution con- 
centrated under reduced pressure, and crystallized from ethanol-diisopropyl ether to obtain the title compound (333 
mg, yield: 70%). ^ 
Melting point: 1 91 -1 94 **C. 

(IH/rT^^slsX ?H s/ ' '^^ ^"^'^-^ 

EXAMPLE 537 

5^3-(3.4,8,9-Tetrahydro-6HTiethoxy-3.3,8,8-tetramethylfuro[2.3-hlisoquinolin-1-yl)phenyl)-1,2.5-th«^ 
2-cafboxylate 1,1-dimethylethyl ester 1,1 -dioxide 

(12791 Sodium hydride (66% dispefsion in oil) (45 mg, 1 .24 mmoi) was added to a solution of [[[3-(3 4 8 9-tetrahydro- 
6-methoxy-3,3,8,8-tetramethylfuro[2,3-h]isoquinolin-1 -yl)phenyl]aminolsulfonyl]carbamic acid 1 ,1-dimethylethyl ester 
(31 2 mg, 0.589 mmol) in N.N-dimethylformamide (3 mL) and the mixture was stirredat room temperature for 30 minutes 
With cooling m ice. 1.2-dibromoethane (0.051 mL. 0.589 mmol) was added to the mixture and the mixture was stirred 
at room temperature for 35 hours. Water was poured Into the reaction mixture, which was extracted twice with ethyl 
acetate. The combined organic layer was washed with water and a brine, dried over sodium sulfate filtered and con- 
centrated under reduced pressure. The residue was subjected to a column chromatography on a basic silica qei (hex- 
ane/ethyl acetate3:1 followed by 2:1 . recrystaliized from diisopropyl etherto obtain the title compound (1 33 rng. yield: 

^1 /Of. 

Melting point: 157-159 "C. 

1H NMR (CDCI3) 8 1.24 (6H. s). 1 .32 (6H. s), 1 .56 {9H, s), 2.26 (2H, br s). 2.69 (2H. s). 3.78-3.85 (2H m) 3 92 (3H 
s). 3.92-3.99 (2H,m), 6.60 (1H.S), 7.32-7.36 (2H.m), 7.44-7.46 (2H,m). :> (^". m,. 3.92 (3H. 

EXAMPLE 538 

2-Pj3.48.9-Tetrahydro-6-methoxy-3.3.8.8-tetramethylfuro[2.34i]isoquinolin-1-yl)phenyl]-1,2.5-thiadi^^ 
1 . 1 -dioxide 

[12M] 4 M hydrogen chloride/ethyl acetate solution (10 mL) was added to 5-{3-(3,4,8,9-Tetrahydro-6-methoxy- 
3,3.8.8-tetramethWfuroI2.34i]isoquinolin-1-yl)phenyl]-1,2,5-thiadiazolidine-2-carbo^^ acid 1 .1-dimethylethyl ester 
1 .1-dioxide (1 .30 g. 2.34 mmol) and the mixture was stirred at room temperature for 2 hours. The reaction mixture was 
neutralized with 2 M aqueous solution of sodium hydroxide, and extracted twice with ethyl acetate. Ttie combined 
o^anic layer was washed with a brine, dried over sodium sulfate, filtered and concentrated under reduced pressure 
The crystals of the residue were washed with diisopropyl etherto obtain the title compound (922mg yield- 87%) 
Melting point: 145-147 "C. • /• 

It* 7 HTy n?S ^ ^fl ^^^^ 2-^2 ^-^^ <2H. br s). 3.64-3.80 (2H. br). 3.93 (3H, s). 6.61 (1H, 

s). 7.04-7.07 (2H. m), 7.39 (IH.t, J =7.6 Hz). 7.59 (1H.d, J = 7.6 Hz). 

EXAMPLE 539 

[5-{3-(3,4.8,9-Tetrahydro-6-methoxy-3.3.8,8-tetramethylfuro|2,3-h]isoquinolin-1-yl)phenyl]-1.2.5-thi 
2-acetamide 1,1 -dioxide 

11281] Potassium tert-butoxide (77 mg, 0.687 mmol) was added to a solution of 2-[3-(3,4,8,9-tetrahydro-6-methoxy- 
3,3.8.8- etramethylfuro[2,3-h]isoquinolin-1-yl)phenyl]-1.2.5-thiadla20lidine 1,1-dioxide (313 mg. 0.687 mmol) in N N- 
dimethylformam.de (3 mL) and the mixture was stinred at room temperature for 30 minutes. 2-Bromoacetamide (95 
mg, 0.687 mmol) was added to the mixture and the mixture was stin-ed at room temperature for 2 hours and 2-bro- 
moacetamide (95 mg. 0.687 mmol) was further added and the mixture was stirred at room temperature for 1 hour 
water was poured into the reaction mixture, which was extracted three times with ethyl acetate. The combined organic 
layerwas washed with brine, dried over sodium sulfate, filtered and concentrated under reduced pressure -fhe residue 
was subjectedto a column chromatography on a basic silica gel (ethyl acetate, ethyl acetateAriethylamine50:1 followed 
by ethy l acetate/methanol/triethylamine 50:1 :1 ). crystallized from ethyl acetate-diisopropyl ether to obtain the title com- 
pound (206 mg, yield: 59%). 
Melting point: 206-208 "C. 

1H NMR (CDCI3) 8 1-25 (6H, s), 1 .32 (6H, s). 2.26 (2H, br s), 2.69 (2H. s). 3.65 (2H, t, J = 6.6 Hz) 3 85 (2H s) 3 92 
(2H. t. J = 6.6 Hz). 3.92 (3H. s). 5.63 (1H. brs). 6.61 (1H. s). 6.62 (1H. br s). 7.26-7.30 (2H. m), 7.38-7.45 (2H. m). 
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EXAMPLE 540 

5-[3-(3,43,9-Tetrahydro-6-methoxy-3.3.8,8-tetramemylfuro[2.3-hlisoquinol^ 
2'acetic acid ethyl ester 1 ,1 -dioxide 

5 

\[1282J Potassium tert-butoxide (695 mg, 6.1 9 mmol) was added to a solution of 2-{3-(3,4,8,9-tetrahydro-6-methoxy- 
^ 3,3,8,8t(etramethylfuro[2,3-h]isoquinolin-1-yl)phenyl]-1,2,5-thiadia20lidine 1,1-dioxide (1.88 g, 4.13 mmol) in N,N- 
' dimethylfomnamide (1 5 mL) and the mixture was stirred at room temperature for 30 minutes. Ethyl bromoacetate (0.46 
mL, 4.13 mmol) was added to the mixture, and the mixture was stirred at room temperature for 1 hour. Water was 
10 poured into the reaction mixture, which was extracted three times with ethyl acetate. The combined organic layer was 
washed with brine, dried over sodium sulfate, filtered and concentrated under reduced pressure. The residue was 
siitqected^o^ a^CGtomr^«ch«)n^ 

from diethyl ether to obtain the title compound (583 mg. yield: 26%). 
Melting point: 153-155 *C. 

15 1H NMR (CDCI3) 5 1 .25 (6H, s). 1 .31 (3H. t, J = 7.0 Hz), 1.32 (6H, s). 2.27 (2H, s), 2.69 (2H. s), 3,73 (2H, t, J = 6.2 
Hz), 3.92 (2H, t, J = 6.2 Hz), 3.92 (5H, S), 4.25 (2H, q, J = 7.0 Hz), 6.60 (IH. s), 7.23-7.27 (2H, m), 7.41-7.43 (2H. m), 

EXAMPLE 541 

20 2-[(2-Oxo-3-pyrrolidinyl)amino]-N-[3-(3,4,8,9-tetrahydro-6-methoxy-3.3.8,8-tetramethylfurot2.3-h]isoquin 
phenyljacetamide di hydrochloride 

[1283] 0,L-3-Amino-2-pyrrolidinone (83 mg, 0.825 nnmol), potassium carbonate (1 14 mg. 0.825 mmol) and potassium 
iodide (13 mg, 0.0750 mmol) were added to a solution of 2-chloro-N-[3-(3,4,8,9-tetrahydro-6-methoxy-3,3,8,8-tetram- 

25 ethylfuro[2,3-h]isoquinolin-1 -yl)phenyl]acetamide (320 mg. 0.750 mmol) in N,N-dimethylformamide (3 mL) and the mix- 
ture was stirred at 60 ^'C for 1 hour. An aqueous solution of sodium chloride was poured into the reaction mixture, which 
was extracted twice with ethyl acetate-tetrahydrofuran. The combined organic layer was washed with brine, dried over 
sodium sulfate, filtered and concentrated under reduced pressure. The residue was subjected to a column chroma- 
tography on a basic silica gel (ethyl acetate/methanol 10:1 followed by ethyl acetate/methanol/triethylamine 50:5:1) to 

30 obtain a free base of the title compound. This was dissolved in ethyl acetate, combined with 4 M hydrogen chloride/ 
ethyl acetate solution, concentrated under reduced pressure, ciystallized from ethanol-ethyl acetate-diisopropyl ether 
to obtain the title compound (245 mg, yield: 58%). 
Melting point: 1 81 -1 84 °C. 

NMR (DMSO-dg) 5 1.24 (6H, s), 1.44 (6H, s), 2.10-2,42 (4H, m), 3.16-3.30 (4H, m), 3.94 (3H, s), 4.01-4.33 (3H, 
55 m). 7.10 (IH, s), 7.37 (IH, d, J = 8.0 Hz), 7.65 (IH, t, J = 8.0 Hz). 7.86 (IH. s), 7.87 (IH. d. J = 8.0 Hz), 8.40 (IH, s). 
9.40-10,00 (2H, m). 11 .32 (IH, s). 

EXAMPLE 542 

40 2-{Acetyl(2-oxo-3-pyrrondinyl)aminol-N-[3-(3.4.8.9-tetrahydro-6-methoxy-3,3.8,8-tetramethylfuro[2,3-hllsoqu 
1-yl)phenyl]acetamide hydrochloride 

[1 284] D,L-3-Amino-2-pyrrolidinone (87 mg, 0.871 mmol), potassium carbonate (1 20 mg, 0.871 mmol) and potassium 
iodide (13 mg, 0.0792 mmol) were added to a solution of 2-chloro-N-[3-(3,4,8,9-tetrahydro-6-methoxy-3,3,8,8-tetram- 

45 ethylfuro[2,3-h]isoquinolin-1 -yl)phenyl]acetamide (338 mg, 0.792 mmol) in N,N-dimethylfomiamide (3 mL) and the mix- 
ture was stirred at 60 for 2.5 hours. With cooling In ice, acetyl chloride (0.12 mL, 0.174 mmol) and triethylamine 
(0.36 mL, 2.61 mmol) were added to the mixture, and the mixture was stirred at room temperature for 2 hours. Water 
was poured into the reaction mixture, which was extracted twice with ethyl acetate. The combined organic layer was 
washed with brine, dried over sodium sulfate, filtered and concentrated under reduced pressure. The residue was 

50 subjected to a column chromatography on a basic silica gel (ethyl acetate/methanol 50:1 followed by 10:1) to obtain 
a free base of the title compound. This was dissolved in ethyl acetate, combined with 4 M hydrogen chloride/ethyl 
acetate solution, concentrated under reduced pressure, crystallized from ethanol-diisopropyl ether to obtain the title 
compound (167 mg, yield: 37%). 
Melting point: 197-200 •'C. 

55 1H NMR (DMSO-dg) 5 1.22 (6H, s), 1.42 (6H, s). 1.96 (3H, s), 2.05-2.33 (4H. m), 3,10-3,58 (4H, m), 3.94 (3H. s). 
4.15-4.81 (3H, m), 7.10.(1.H. s), 7.29 (0.5H. d. J = 7.6 Hz), 7.35 (0.5H. d. J = 7.6 Hz), 7.55-7.&7 (IH, m). 7.70-8.05 
(IH. m). 7.98 (IH. s), 8.12 (0.5H. s), 8.19 (0.5H. s). 10.49 (0.5H. s). 11 .23 (0.5H, s). 
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EXAMPLE 543 

2- [Methyl(2-oxo-3i3yfrolidinyl)amino]-N^3-(3.4.8.94etr^^^ 
1-yl)phenyl|acetamide 

[1285i Potassium carbonate (89 mg, 0.645 mmol) and iodomethane (0.021 mL. 0.338 mmol) were added to a solution 
of 2^(^-oxo-3-pyrrolidinyi)aminoJ-N^3-(3,4.8.9-tetrahydro-6-rnethoxy-3.33.8-tetramethylfuro 
phenyllacetamide dihydrochloride (173 mg, 0,307 mmol) in N,N-dimethylfomiamide (1 .5 mL) with cooling in ice and 

the mixturewas stirred at room temperaturefor2hours. Brine was poured into the reaction mixture, which was e)rtra^^^^ 

twice with ethyl acetate-tetrahydrofuran.Thecombinedorganiclayerwas washed with brine, dried over sodlumsulfate 
filtered and concentrated under, reduced pressure. The residue was subjected to a column chromatography on a basic 
sriica^el''(hexane/ethyl-acetalertriethylamif»«8.^:%ciystaHi£e^^ 
compound (4 mg, yield: 3%). 
Melting point: 1 1 2-1 1 4 "C. 

1H NMR (CDCI3) 5 1.23 (3H, s), 1 .27 (3H. s), 1 .32 {6H. s). 2.05-2.45 (2H, m). 2.30 (2H. s), 2.50 (3H. s) 2 68 (2H s) 
3.29 (2H. s). 3.32-3.42 (2H. m).^.55-3.64 (1H. m), 3.92 (3H. S). 5.64 (1H. s). 6.60 (1H. s . 7.07 (1H. d J = 8 0 Hz) 
7.34(1H.t.J = 8.0Hz).7.54(1H,s).7.89(1H.d.J=8.0H2).9.67(1H,S). 

EXAMPLE 544 

3- (6-Ethoxy-3,4.8.9-tetrahydro-3.3.8.8-tetramethylfuro[2.3-h]isoquinolin-1 -yl)benzoic acid ethyl ester 

[1286] A solution of ethyl 3-cyanobenzoate (27.6 g, 157 mmol) in acetic acid (90 mL)-toluene (150 mL) was treated 
dropwise with cone, sulfuric acid (1 7.6 mL. 330 mmol) with cooling in ice, and 1 -(7-ethoxy-2.3-dihydro-2 2-dimethvl- 
5-b6nzofuranyl)-2-m6thyM -propanol (50.0 g, 189 mmol) was added thereto at room temperature, and the mixture was 
stirred at 65 for 1 hour. Ethanol (1 05 mL) was added dropwise to the mixture and the mixture was stirred at 75 'C 

o [A """'^ *® phase was separated and extracted with 

2 M hydrochloric acid. The combined aqueous layerwas neutralized with cone, aqueous ammonia, and extracted twice 
wim ethyl acetate (I). The combined organic layer was washed with 0.5 M aqueous solution of sodium hydroxide (II) 
water and brine, dried over sodium sulfate, filtered and concentrated under reduced pressure. The residue was civs- 
tallized from hexane to obtain the title compound (1 1 .8 g, yield: 1 8%). 
Melting point: 97-100 'C. 

<H NMR (CDCI3) 6 1.25 (6H. s), 1.30 (6H. s), 1.39 (3H, t, J = 7.1 Hz), 1.47 (3H, t. J = 7.1 Hz) 2 15 (2H s) 2 68 (2H 
EXAMPLE 645 

3-(6-Ethoxy-3,4,8,9-tetrahydro-3,3.8,8-tetramethylfuro[2.3-h]isoquinolin-1-yl)benzoicacid 

(1287] Tfie aqueous layers in EXAMPLE 544 ((I) and (II)) were combined, neutralized with 5 M hydrochloric acid 
and extracted three times with ethyl acelate-tetrahydrofuran. The combined o/ganic layer was concentrated under 
reduced pressure, crystallized from ethyl acetate to obtain the title compound (2 77 a vield- 5%i 
Melting point: 137-139 'C. a. y^u-^/o/. 

V/' '"^^ ^ = 2-'^ <2H. s). 2.66-3.10 (2H. br), 4.23 (2H, q, J = 7.1 Hz). 

6.65 (1H.S), 7.33-7.41 (2H,m). 7.94-7.97 (1H,m). 8.27 (1H.S). 

EXAMPLE 546 

3-(6-Ethoxy-3,4,8,9-tetrahydro-3,3,8.8-tetramethylfuro(2.3-hlisoquinolin-1-yl)benzenam-|ne dihydrochloride 

[1288] 3-(6-Ethoxy-3.4,8.9-tetfahydro-3,3.8,8-tetramethylfuro(2,3-h]isoquinolin-1-yl)benzenamine (9 36 g 25 7 
mmol) was dissolved in ethyl acetate, 4 M hydrogen chloride/ethyl acetate solution was added thereto and the mixture 
was concentrated under reduced pressure, crystallized from ethanol-ethyl acetate to obtain the title compound (4 47 

g, yield: 40%). ^ ^ 

Melting point: 240 °C (decomposition). 

1H NMR (DMSO^ie) § 1 26 (6H, s). 1 .37 {3H. t. J = 7.0 Hz). 1 .42 (6H. s). 2.1 0-2.55 (2H. m), 3.00-3.30 (2H. m) 4 23 
(2H. q. J = 7.0 Hz). 6.99-7.07 (3H. m). 7.1 9 (1 H.. d. J = 7.6 Hz). 7.44 (1 H, dd. J = 8 2 7 6 Hz) 
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EXAMPLE 547 



([4i[[3-(6-Ethoxy-3,4,8.9-tetrahydrc>-3.3.8.84etramethylfuro[2.3-h]i^^ 
methyllphosphonic acid diethyl ester hydrochloride 

5 

\(126d] ^ l-Hydroxy-IH-benzotriazole monohydrate (327 mg. 2.13 mmol), triethylamine (0.95 mL. 6.79 mmol) and 
1-ethylr3-(3-dimethy!aminopropyl)carbodllmide hydrochloride (483 mg, 2.52 mmoO were added to a solution of 
• 3-(6-ethoxy-3,4,8,9-tetrahydro-3,3,8.84etramethyIfuro[2,3-h]isoquinolin-1-yOben2enamlne dihydrochloride (850 mg, 
1 .94 mmol) and 4^(dletho)cyphosphinyl)methyIlbenzoic acid (529 mg. 1 .94 mmol) in N.N-dimethylfonnamide (6 mL) 
10 and the mixture was stirred at room temperature for 7 hours, 4-[(DiethoxyphosphinyOmethyl]ben2oic acid (211 mg, 
0.776 mmol) was added to the mixture and the mixture was stirred under the same condition for 12 hours. Ice water 
waypoured^^inteythe^r^aGtffln-mfxtore^whfGh^yextrac^ 

was washed with brine, dried over sodium sulfate, filtered and concentrated under reduced pressure. The residue was 
subjected to a column chromatography on a basic silica gel (hexane/ethy! acetate 1:1 followed by ethyl acetate) to 
15 obtain a free base of the title compound. This was dissolved in ethyl acetate, combined with 4 M hydrogen chloride/ 
ethyl acetate solution, concentrated under reduced pressure, crystallized from ethanol-diisopropyl ether to obtain the 
title compound (682 mg, yield: 54%). 
Melting point: 190-191 

NMR (DMSO-dfi-DgO (1 drop)) 61,18 (6H, t, J = 7.1 Hz), 1 .25 (6H, s), 1 .38 (3H, t, J = 7.0 Hz). 1 .42 (6H, s). 2.20-2,32 
20 (1H. m). 2.40-2.53 (1H, m). 3.00-3.30 (2H, m), 3.35 (2H, d. J = 21.9 Hz). 3.91-4.03 (4H, m). 4.25 (2H q j'= 7 0 Hz) 
7.09 (IN, s), 7.36 (1H, d, J = 7.7 Hz), 7.44 (2H. dd, J = 8.3, 2.3 Hz). 7.64 (IH, t, J = 7.7 Hz). 7,94 (2H, d'. J = 8.3 Hz)! 
8.06 (IH, d. J = 7.7 Hz). 8.09 (IH. s). 10.59 (IH, s). 

EXAMPLE 548 

25 

6-(Ethylsulfiny[)-3,4,8,9-tetrahydro-3,3,8,8-tetramethyl-1-phenylfuro[2.3-h]isoquinoline 

[1290] A solution of sodium metaperiodate (434 mg, 2.03 mmol) in water (2.5 mL) was added to a solution of 6-(ethyl- 

thio)-3.4.8,9-tetrahydro-3.3,8,8-tetramethylfuro[2.3-h]isoquinoline hydrochloride (326 mg. 0.811 mmol) in methanol 
30 (3.5 mL) and the mixture was stirred at room temperature for 2 hours. Water was poured into the reaction mixture. 

which was combined with sodium hydrogen carbonate, and extracted twice with ethyl acetate. The combined organic 

layer was washed with water and brine, dried over sodium sulfate, filtered and concentrated under reduced pressure. 

The residue was subjected to a column chromatography on a basic silica gel (hexane/ethyl acetate 5:1). crystallized 

from diisopropyl ether-hexane to obtain the title compound (168 mg, yield: 54%). 
35 Melting point: 1 46-1 47 *'C. 

IH NMR (CDCI3) 5 1.20-1.30 (15H, m). 2,19 (2H, s), 2.77 (2H. s). 2.82-3.18 (2H. m), 7.41-7.42 (6H. m), 

EXAMPLE 549 
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3-[3.4.8,9-Tetrahydro-3,3,8,8-tetramethyl-6-(propylthio)furo[2.3-h]isoquinoIin-1-yIlbenzoic acid ethyl ester 

[1291] 1 .57 M n-butyllithlum/hexane solution (42.3 mL, 66.4mmol) was treated dropwise successively with a solution 
of N.N.N'.N'-tetramethylethylenediamine (1 0.0 mL, 66.4 mmol) in tetrahydrofuran (1 5 mL). a solution of 7-bromo-2,3-di- 
hydro-2,2-dimethyl-5-(2-methyl-1-prpenyl)benzofuran (4.68 g, 16.6 mmol) in tetrahydrofuran (15 mL) and a solution of 
n-propyl disulfide (20 g, 1 33 mmol) in tetrahydrofuran (1 5 mL) at -78X. and the mixture was allowed to warm to room 
temperature while stimng for 1 5 hours. The reaction mixture was poured Into a saturated aqueous solution of ammonium 
chloride, and extracted twice with ethyl acetate. The combined organic layer was washed with brine, dried over mag- 
nesium sulfate, filtered and concentrated under reduced pressure. The residue was subjected to a column chroma- 
tography on a silica gel (hexane followed by hexane/ethyl acetate 50:1) to obtain an about 15:2 mixture of 2,3-dihydro- 

2,2-dimethyl-5-(2-methyl-1-propenyl)-7-(propyithio)benzofuran and 2,3-dihydro-2.2-dimethyl-5-(2-methyl-1-propenvl) 
benzofuran(4.11 g). 

[1292] A suspension of the resultant mixture (1 .01 g) and ethyl 3-cyanobenzoate (601 mg, 3.43 mmol) in acetic acid 
(2 mL)-toluene (4.6 mL) was treated dropwise with cone, sulfuric acid (0.38 mL. 7.20 mmol) with cooling in ice. and 
stinred at 60 «C for 1 hour. Ethanol (2. 1 mL. 34.9 mmol) was added dropwise to the mixture, and the mixture was stin-ed 
at the same temperature for 30 minutes. Ice water was poured into the reaction mixture, which was neutralized with 
sodium hydrogen carbonate, and extracted twice with ethyl acetate. The combined organic layer was washed with 
brine, dried over sodium sulfate, filtered and concentrated under reduced pressure. The residue was subjected to a 
column chromatography on a basic silica gel (hexane/ethyl acetate 50:1 followed by 10:1). and subjected again to a 
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Mlumn chromatography on a silica gel (hexane/ethyl acetate 1 0:1 followed by 5:1 ). crystallized from hexane to obtain 
the title compound (1 36 mg. yield: 9%). The mother liquor was crystallized from hexane to obtain the second crystal 
of the tide compound (78 mg, yield: 5%). 
Melting point: 83-84 "C. 

1H NMR (CDCy 5 1.05 (3H, t, J = 7.3 Hz). 1 .25 (6H, s). 1 .29 (6H. s). 1 .39 (3H. t. J = 7.2 Hz). 1 .64-1 76 (2H m) 2 16 
EXAMPLE 550 

3-[6-(Ethylthio)-3.4,8.9-tetrahydro-3,3.8.8-tetramethylturo[2.3-h)lsoquinoiin-1-ylJben2oic acid isopropyl ester 

11293] To a suspension of 7-(ethylthio)-2,3-dihydro-2,2-dimethyl-5-(2-methyl-1 -propenyl)benzofuran (811 mg 3 21 
mmol) and isopropyl 3-cyanobenzoate (552 mg. 2.92 mmol) in acetic acid (3 mL)-toluene (6 mL) was treated drowise 
wrth cone, sulfuric acid (0.33 mL. 6.13 mmol) with cooling in ice. and stirred at 70 'C for 1 5 hours Ice water was 
poured into the reaction mixture, which was neutralized with sodium hydrogen cait>onate and extracted twice with ethyl 
acetatejhe combined organic layer was washed with a brine, dried over sodium sulfate, filtered and concentrated 
under reduced pressure. The residue was subjected to a column chromatography on a silica gel (hexane/ethyl acetate 
1 0:1 ) and crystallized from pentane to obtain the tiUe compound (86 mg, yield- 7%) 
Melting point: 108-110 °C. 

1H NMR (CDCI3) 5 1 .26 (6H, s). 1 .92 (6H. s). 1 .34 (3H. t. J = 7.5 Hz), 1 .36 (6H. d. J = 6.3 Hz), 2.1 7 (2H s) 2 69 (2H 

t«:^::.':i;:i:ri.\^z':"i^i^r '^■^ ' " 

EXAMPLE SSI 
2terhjdr(^htoriri'^''*^ 

, ^Zf^^^i^*"^"^^ <^^°''°> (^'^^ "^9- 26.3 mmol). sodium bromide (2.98 g. 29.0 mmol) and cone, sulfuric acid 
(2.11 mL 3a6 mmol) were added to a solution of 3-[3,4.8,9-tetrahydro-6-methoxy-3.3.B,8-teframethylfuro[2,3-h]lso- 
qu.nol.n-1^yQbenzoic acid methyl ester (4.99 g. 12.7 mmol) in acetic acid (6.5 mL) and the mixture was stirred at 100 
1 T"^' ^'^'^^'^ 'lr°P«'lse at 75 «C, and the mixture was stirred at the same temperature for 3 

hours. Water was poured into the reaction mixture, which was washed with diisopropyl ether, neutralized with sodium 
hydrogen carbonate, and extracted twice with ethyl acetate. Thecombinedorganiclayerwas washed with 1 M aqueous 
solution of sodium hydroxide and a brine, dried oversodium sulfate, filtered and concentrBted under reduced pressure 
was subjected to a column chromatography on a silica gel (hexane/ethyl acetate 5:1) to obtain 3-[5-(bro- 

'^Zn ^^l o.'lT^^^^^^ acid fnethyl ester 

(1 .30 g, yreld: 21 %) as an amorphous material 

1H NMR (CDCy 5 1.28 («H, s), 1 29 (6H, s), 2.12 (2H, s). 2.72 (2H. s), 3.92 (3H. s). 4.05 (3H. s). 4.64 (2H, s). 7.48 

/ . ^'^-^^ (1H.dd,J=7.9,1.6Hz).8.06(1H,d, J= 1.6 Hz), 8.08 (1H. dd. J = 7.9 1 6 Hz) 
fl^L ° ?.'?r'^'"'"'^^"^'*®<^^'*'"9'2-67nimol) in water(2.5mL)was adde^ 

bromo-denvatived -30 g, 2.67mmo!) in N.N-dimethylfomiamide (8 mL) and the mixture was stirred at room temperature 
for 1 hour. Ice water was poured into the reaction mixture, which was extracted twice with ethyl acetate. The combined 
o^an^c layer was washed wfth brine, dried over sodium sulfate, filtered and concentrated under reduced pressure 
the residue was subjected to a column chromatography on a basic silica gel (hexane/ethyl acetate 10:1 followed by 
S.2rilf I ^ ?! T °' ""^ '"'^ compound. This was dissolved In ethyl acetate, combined with 4 M hydrogen 
chlonde/ethyl acetate solution, concentrated under reduced pressure, crystallized from ethyl acetate to obtain the title 
compound (926 mg, yield: 74%). uremic 
Melting point: 186-188 °C. 

(1H, t. J = 7.6 Hz), 7.89 (IH. d, J= 7.6 Hz), 8.21 (1H, s), 8.28 (1H, d, J = 7.6 Hz). 
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EXAMPLE 552 

3-[5-(Cyanomethyl)-3A8.9-tetiBhydro-6-methoxy-3.3.8,84etramethylfuro^^ 
hydrochloride 

5 

• [12<tel ^ The title compound was obtained from 3-{5-(cyanomethyl)-3,4.8,9-tetrahydro-6-methoxy-3.3,8.8-tetrameth- 
Y ylfuroK3>h]isoquino!in-1-yl]benzoic acid methyl ester hydrochloride by the method similar to that in EXAMPLE 80. 
Quantitative, Melting point: 182-184 *C (acetone-ethyl acetate). 

1H NMR (DMSO-de) 8 1 .25 (6H, s), 1 .45 (6H, s), 2.16 (2H. s), 3.19 (2H, s). 4.02 (2H. s). 4.07 (3H, s). 775 (1H t. J = 
10 7.8 Hz). 7.87 (1H. d. J = 7.8 Hz), 8.18 (1H. s). 8.26 (1H, d. J = 78 Hz). 

EXAMPLE 553'^ - 

3-[5-(CyanomethyO-3A8,94etrahydro-6-methoxy-3.3,8.8-tetramethylfuro[2,3-h]isoquinolin-1-^ 
IS hydrochloride 

[1297] N.N'-CartDonyldilmidazole (1 1 8 mg, 0.728 mmol) was added to a solution of 3-[5-(cyanomethyl)-3.4.8,9-tet- 
rahydro-6-methoxy-3,3,8,8-tetramethylfuro[2,3-h]lsoquinolin-1-yl]benzoic acid hydrochloride (331 mg, 0.728 mmol) In 
N,N-dimethylformamide (3 mL) and the mixture was stirred at room temperature for 40 minutes. Triethylamine (0.11 

20 mL, 0.801 mmol) and methylamine hydrochloride (54 mg, 0.801 mmol) were added to the mixture, and the mixture 
was stirred at room temperature for 4 hours. Ice water was poured into the reaction mixture, which was extracted twice 
with ethyl acetate. The combined organic layer was washed with 1 M aqueous solution of sodium hydroxide, water 
and brine, dried over sodium sulfate, filtered and concentrated under reduced pressure. The residue was subjected to 
a column chromatography on a basic silica gel (hexane/ethyl acetate 1 :1) to obtain a free base of the title compound. 

25 This was dissolved in ethyl acetate, combined with 4 M hydrogen chloride/ethyl acetate solution, concentrated under 
reduced pressure, crystallized from ethyl acetate to obtain the title compound (139 mg, yield: 41%). 
Melting point: 160-162 'C. 

1H NMR (DMSO-dfi) 5 1.26 (6H. s), 1.45 (6H, s). 2.18 (2H. s), 2.81 (3H, d, J = 4.0 Hz), 3.18 (2H, s). 4.02 (2H, s), 4.07 
(3H, s), 767-774 (2H, m), 8.12-8.19 (2H. m), 8.77 (1H, brs). 

30 

EXAMPLE 554 



3-[5-(Cyanomethyl)-3,4,8,9-tetrahydro-6-methoxy-3.3,8,8-tetramethylfuro[2,3-h]isoquinolin-1-yl]-N-(hexahydro- 
2-0X0-1 H-azepin-3-yl)benzamide 

35 

[1298] Triethylamine (0.10 mL, 0.743 mmol) and N.N'-cart>onyldlimidazole (120 mg, 0.743 mmol) were added to a 
solution of 3-[5-(cyanomethy()-3,4,8,9-tetrahydro-6-methoxy-3,3,8,84etramethylfuro[2,3-h]isoquinolin-1-yl]benzoic 
acid hydrochloride (338 mg, 0.743 mmol) in N,N-dimethylformamide (3 mL) and the mixture was stirred at room tem- 
perature for 40 minutes. 3-Aminohexahydro-2H-azepin-2-one (101 mg, 0.784 mmol) was added to the mixture and the 

^ mixture was stirred at room tenperature for 4.5 hours. Ice water was poured Into the reaction mixture, which was 
extracted twice with ethyl acetate. The combined organic layer was washed with 1 M aqueous solution of sodium 
hydroxide, water and a brine, dried over sodium sulfate, filtered and concentrated under reduced pressure. The residue 
was subjected to a column chromatography on a basic silica gel (hexane/ethyl acetate 1 :2), crystallized from ethyl 
acetate to obtain the title compound (206 mg, yield: 52%). Melting point: 130-132 "C. 

45 1H NMR (CDCI3) 5 1.28 (12H, s), 1.48-1.70 (2H, m), 1.80-2.30 (4H. m), 2.13 (2H, s), 2.69 (2H, s). 3.25-3.40 (2H, m), 
3.74 (2H, s), 4.04 (3H, s), 4.69-4.77 (1H, m), 6.15 (1H, br s), 747-7.49 (2H. m), 7.71 (1H. d, J = 5.6 Hz). 7.88-7.95 
(2H.m). 

EXAMPLE 555 

so 

N-[3-[5-(Cyanomethyl)-3,4.8,9-tetrahydro-6-methoxy-3,3,8,8-tetramethylfuro[2,3-h]isoquinolin-1-yl]ben2oyl)- 
2-methylalanine ethyl ester 

[1299] 1-Hydroxy-1H-benzotriazole monohydrate (829 mg. 5.41 mmol), triethylamine (2.40 mL, 172 mmol) and 
55 1 -ethyl-3-(3-dimethylaminopropyl)carbodiimide hydrochloride (1 .23 g, 6.40 mmol) were added to a solution of 3-[5-(cy- 
anomethyl)-3.4,8,9-tetrahydro-6-methoxy-3.3,8.8-tetramethylfuro[2.3-h]isoquinolin-1-yl]benzoic acid hydrochloride 
(2.24 g. 4.92 mmol) and ethyl 2-aminoisobutyrate hydrochloride (907 mg. 5.41 mmol) in N.N-dimethylformamide (10 
mL) and the mixture was stirred at room temperature for 1 .5 hours. Ice water was poured into the reaction mixture. 
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which was extracted three times with ethyl acetate. The combined organic layer was washed with 0.5 M aqueous 
solution of sodium hydroxide and a brine, dried oversodlum sulfate, filtered and concentrated under reduced pressure 
The residue was subjected to a column chromatography on a basic silica gel (hexane/ethyl acetate 3:1 followed by 2' 
1), crystallized fronn ethyl acetate-diethyl ether to obtain the title compound (1 50 g yield 57%) 
Melting point: 126-128*^0. 

^HNWR(CDCl3)61.29(3H.t.J=7.0H2)J.29(12H.s).1.68(6H.s),2.13(2H.s^ s) 404 

^ (3H. s). 4.24 (2H. q. J = 7.0 Hz). 6.89 (1H. s). 7.46-7.48 (2H. m), 7.81-7.89 (2H. m). 

EXAMPLE 556 

N^3-[5-(Cyanomethyl)-3,4,8,9-tetrahydro-6-methoxy-3,3,8.8-tetramethylfuro[2,3-hlisoquinolin-1-y^ 
2^ff»ethylaianme*hydroGh<onde* 

[13001 5 M aqueous solution of sodium hydroxide (2 mL) was added to a solution of N-[3-[5-(cyanomethyl)-3,4,8 9-tet- 
rahydro-6-methoxy-3,3.8.8-tetramethylfuro[2.3-h]isoquinolin-1-yl]ben2oyl)-2-methylalan ethyl ester (l.os 'g' 1.98 
mmol) in ethanol (8 mL) and the mixture was stirred at room temperature for 1 hour. The reaction mixture was made 
acidic with 5 M hydrochloric acid, and the solvent was distilled off. The residue was dissolved in methanol, and the 
insolubles were filtered off. The filtrate was concentrated under reduced pressure, and this procedure was repeated 
three times. The residue was crystallized from acetone-ethyl acetate to obtain the title compound (1 04 a vield* 97%^ 
Melting point: 191-194*^0. r \ . », jr . y. 

iHNMR(DMSO-d6)51.27(6H,brs). 1.42 (6H. brs), 1-48 (6H. s). 2.24 (2H. s). 3.05-3.30 (2H. m), 3.95-4.13 (5H m) 
7.65-7.80 (2H,m). 8.18-8.30 (2H.m), 8.80 (IH.s). ' 

EXAMPLE 557 

N-(2-Amino-2<>xoethyl)-3.[5-(cyanomethyl)-3,4,8.9-tetrahydro-6-methoxy.3,3.8.84etramethy^^ 
1 -yljbenzamide hydrochloride 

[1301] 1-Hydroxy-1H-benzotriazole monohydrate (377 mg, 2.46 mmol). triethylamine (1.09 mL. 7.84 mmol) and 
1 -ethyl-3-(3-dimethylaminopropyl)carbodiimide hydrochloride (559 mg. 2.91 mmol) were added to a solution of 3-[5-(cy- 
anomethyl)-3.4.8,9-tetrahydro-6-methoxy.3,3.8.8-tetramethylfuro[2.3-h]isoquinoIin-1-yl]ben2o'c acid hydrochloride 
(1.02 g. 2.24 mmol) and glycinamide hydrochloride (248 mg, 2.24 mmol) in N.N-dimethylformamide (6 mL) and the 
mixture was stirred at room temperature for 6 hours. Water was poured into the reaction mixture, which was extracted 
three times with ethyl acetate. The combined organic layer was washed with brine, dried over sodium sulfate, filtered 
and concentrated under reduced pressure. The residue was subjected to a column chromatography on a basic silica 
gel (ethyl acetate/methanol 100:1) to obtain a free base of the title compound. This was dissolved in ethyl acetate, 
combined with 4 M hydrogen chloride^ethyl acetate solution, concentrated under reduced pressure, triturated with 
diethyl ether to obtain the title compound (425 mg, yield: 37%). 
Amorphous. 

NMR (DMSO-dg) 5 1 .27 (6H..s). 1 .46 (6H, s), 2.22 (2H. s), 3.20 (2H. s), 3.85 (2H. d, J = 3.8 Hz). 4,03 (2H s) 4 08 
{3H, s), 7.09 (1 H. s). 7.47 (1 H. s). 7.74-7.80 {2H, m). 8.1 8-8.25 (2H. m). 8.99 (1 H. s). 

EXAMPLE 558 

N-(2-Amino-l,l-dimethyl-2-oxoethyO-3i5-(cyanomethyl).3.4,8.9-tetrahydro-6-methoxy.3,3.8,8-tetram 
isoquinolin-1 -yljbenzamide 

[1302] 1 -Hydroxy-1 H-benzotriazole ammonium salt (1 76 mg, 1 .1 6 mmol) and 1 -ethyl-3-(3-dimethylaminopropyOcar- 
bodlimide hydrochloride (240 mg, 1.25 mmol) were added to a solution of N-[3-[5-(cyanomethyl)-3.4.8,9-tetrahydro- 
6-methoxy-3,3.8,8-tetramethy(furo[2,3-h]isoquinolin-1-yl]benzoyl]-2-methylalanine hydrochloride (521 mg. 0.965 
mmol) in N.N-dimethylf omiamide (5 mL) and the mixture was stin-ed at room temperature for 1 0 minutes. Triethylamine 
(0.40 mL, 2.90 mmol) was added to the mixture and the mixture was stirred at room temperature for 3 houre. Ice water 
was poured into the reaction mixture, which was extracted twice with ethyl acetate. The combined organic layer was 
washed with water and brine, dried over sodium sulfate, filtered and concentrated under reduced pressure. The residue 
was subjected to a column chromatography on a basic silica gel (hexane/ethyl acetate 1 :2 followed by ethyl acetate), 
crystallized from ethyl acetate-diisopropyl ether to obtain the title compound (323 mg. yield- 67%) 
Melting point: 21 7-21 9 "C. 

NMR (CDCIg) 6 1 .29 (12H. s). 1.71 (6H. s). 2.14 (2H, s). 2.69 (2H. s). 3.74 (2H. s). 4.04 (3H. s). 5.44 (1 H. br s). 
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6.42 (1H, br s). 7.26-7.27 (1H, m), 7.47-7.48 {2H, m). 7.84-7.89 (2H. m). 
EXAMPLE 559 

5 3-[5;(Cyanomethyl)-3,4.8.9-tetrahydro-6-methoxy-3,3,8,84etramethyrfuro(2,3^ 
ii 2-ox6-2-[(2-oxo-3-pyrrolidinyI)amino]ethyl]benzamide 



' [1303] l-Hydroxy-IH-benzotriazoIe monohydrate (138 mg. 0.904 mmol), triethylamine (0.29 mL, 2.06 mmol) and 
1-ethyl-3-(3-dimethylaminopropyl)carbodnmide hydrochloride (205 mg, 1.07 mmoO were added to a solution of 
w N^3-[5-(cyanonriethyl)-3.4,B,9-tetrahydro-6-methoxy-3.3,8,8-tetramethylfuro[2.3-hJisoquinolin-1-yO^ 

alanine hydrochloride (444 mg, 0.822 mmol) and D,L-3-amino-2-pyrroIidinone (82 mg, 0.822 mmol) In N,N-dimethyl- 
fomi»nWe>{4fml;)^Bnd the-mixtu IB' was stirred at r^^ 

mixture, which was extracted three times with ethyl acetate. The combined organic layer was washed with brine, dried 
over sodium sulfate, filtered and concentrated under reduced pressure. The residue was subjected to a column chro- 
15 matography on a basic silica gel (ethyl acetate/methanol 100:1 followed by 10:1). and the resultant crystals were 
washed with diisopropyl ether to obtain the title compound (157 mg, yield: 33%). 
Melting point: 137-139 *C. 

1H NMR (CDCI3) 8 1.29 (12H, s), 1,70 (3H, s). 1.72 (3H, s), 1.94-2.08 (1H, m), 2.14 (2H. s), 2.69 (2H. s). 2.70-2.85 
(1H, m). 3.16-3.45 (2H, m), 3.75 (2H, s), 4,04 (3H. s), 4.26-4.34 (1H, m), 5.99 (1H. s). 6.91 (1H, d, J = 3.6 Hz) 7 13 
20 (1 H, s), 7.44-7.49 (2H. m). 7.87 (2H, s). 

EXAMPLE 660 

3,4,8,9-Tetrahydro-6-methoxy-3,3,8,8-tetramethyl-1-phenyl-5-furo[2,3-h]isoquinolinecarboxaldehyde hydrochloride 

[1304] Manganese dioxide (4.90 g, 56.4 mmol) was added to a solution of 3,4,8,9-tetrahydro-6-methoxy-3,3,8,8-te- 
tramethyl-5-furo[2,3-h]isoquinollnemethanol (1 .03 g. 2.82 mmol) in chlorofonrn (15 mL) and the mixture was stirred at 
room temperature for2 hours, and at 50 for 1 5 hours. Inorganic salts were filtered off and the filtrate was concentrated 
under reduced pressure. The residue was subjected to a column chromatography on a silica gel (hexane/ethyl acetate 
30 5:1) to obtain a free base of the title compound. This was dissolved in ethyl acetate, combined with 4 M hydrogen 
chloride/ethyl acetate solution, concentrated under reduced pressure, crystallized from ethyl acetate-hexane to obtain 
the title compound (344 mg, yield: 31%). 
Melting point: 136-139 *C. 

1H NMR (DMSO-dg) 5 1 .29 (6H, s), 1 .43 (6H, s). 2.24 (2H. s), 3.40 (2H. s). 4. 14 (3H. s), 7.60-7.82 (5H, m), 1 0.42 (1 H, s). 

3S 

EXAMPLE 561 

3,4,8,9-Tetrahydro-6-methoxy-3,3,8.8-tetramethyl-1-phenyl-5-furo[2.3-h]isoquinolinecarbonitrile 

40 [1305] Hydroxylamine hydrochloride (30 mg, 0.435 mmol) was added to a solution of 3,4,8,9-tetrahydro-6-methoxy- 
3,3.8,8-tetramethyl-1-phenyl-5-furo[2.3-h]isoquinolinecarboxaldehyde hydrochloride (116 mg, 0^90 mmol) in foimic 
acid (1 mL) and the mixture was stirred at 1 00 *C for 3 hours. Water was poured into the reaction mixture, which was 
neutralized with cone, aqueous ammonia and extracted twice with ethyl acetate. The combined organic layer was 
washed with water and brine, dried over sodium sulfate, filtered and concentrated under reduced pressure. The residue 

<5 was subjected to a column chromatography on a silica gel (hexane/ethyl acetate 5:1). and the resultant crystals were 
washed with diisopropyl ether-hexane to obtain the title compound (55 mg, yield: 53%). 
Melting point: 166-168 'C. 

NMR (CDCI3) 5 1 .27 (6H. s). 1 .30 (6H. s). 2.1 9 (2H, s). 2.87 {2H. s), 4.1 3 (3H. s), 7.35-7.43 (5H, m). 

so EXAMPLE 562 

3-[5-(Cyanomethyl)-6-ethoxy-3,4,8,9-tetrahydro-3,3,8,8-tetramethyIfuro[2,3-h]isoquinolin-1-yl]benzoicaci^ 
hydrochloride 

55 [1 306] Parafomialdehyde (94%) (613 mg, 1 9.2 mmol), sodium bromide (2.1 7 g, 21 .1 mmol) and cone, sulfuric acid 
(1 .71 mL. 32.0 mmol) were added to a solution of 3-(6-ethoxy-3,4,8,9-tetrahydrD-3,3,8,8-tetramethylfuro[2,3-h]isoqui- 
nolin-1 -yI)benzoic acid (5.03 g. 12.8 mmol) in acetic acid (1 0 mL) and the mixture was stirred at 1 05 °C for 1 4 hours. 
Parafomialdehyde(94%)(409 mg. 12.8 mmoQ. sodium bromide (1.45 g. 14,1 mmol) and cone, sulfuric acid (0.68 mL. 
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12.8 mmol) were further added to the mixture and the mixture was stirred at 115 »C forlO hours The reaction mixture 
was adjusted at pH 8 with 5 M aqueous solution of sodium hydroxide, and extracted with ethyl acetaTe le orgtn" 
layerwaswayedw.thbnne.dnedoversodiumsulfateJllteredandconcentratedunderred^^^^ 
was dissolved m ethanol (12 mL) and thionyl chloride (0.65mL, 8.94 mmol) was added thereto with cooling in iS and 
he mixture was st.rred at room temperature for 24 hours. The solvent was distilled off under reduced pr^uS' ^6 
the residue was combined with water, neutralized with sodium hydrogen carbonate, and extracted Mce wft^eth^ 
V acetate^Thecomb.nedorganiclayerwaswashedwithbrine.driedoversodlumsulfate.fatere^ 

educed pressure. Tlie residue was subjected to a column chromatography on a silica gel (hexane/ethyl acetate 5 ? 

'H NMR (CDCI3) 6 1.27 (6H. s), 1.28 (6H. s). 1.37-1.42 (6H. m). 2.12 (2H. s). 2.77 (2H, s) 4 31 (2H o J - 7 1 

[13071 A solution of sodium cyanide (18 mg, 0.362 mmol) in water (0.5 mL) was added to a solution of the resultant 
bromo-denvatn/e (1 70 mg, 0.330 mmol) in N,N-dimethylfom^ide (0.7 mL) and the mixture was stir^e^ at rim t^ 
perature or 1 hour and at 60 X /or 2 hours. Water was poured Into the reaction mixture, which was ext'acte^tlTe 

trated under reduced pressure. The residue was subjected to a column chromatography on a silica gel (hexane^vl 
acetaJe3:1)toobtalnafreebaseoftheti«ecompound.Thiswasdissolvedinet^ 

"r~g"^^^^^^^^^^ 
Melting point: 126-128 'C. 

EXAMPLE 563 

(S)-N-(2-Oxo-3-a2etldinyO-3-(3.4.8.9-tetfahydro.6-methoxy-3.3.8.8-tetramethylfuro[2,3-h]i^ 

^f-'^'^l''^^''^!]^'^'^-^^^^^ acid hydrochloride 

L°,f»H.L r ? ''V^^''^ N.N-dimethylfomiamide (3 mL). N^thyldiisopropylamine (0.104 mL 0 6 mr^h 
T T- "'^ ^"^^ ^ "^'""'^^ N,N--Ca*onyldiimida2ole (0.107 g, 0 66 mmoh w2 

g 0.66 mmol) was added to the reaction mixture and the mixture was stirred at room temperature for 15 hou^ l2 
water was added to the reaction mixture, which was extracted twice with ethyl acetate. The extract was wS w^ 
anaqueoussoluti^^^^^^ 

^S5/l ) to collect the intended fraction, which was concentrated to obtain the title compound (0.171 g. yield 63%) 
The title compound was reciystallized from diethyl ether. * " a. yieia. oo a,;. 

Melting point: 154-157 "C. 

irsTo^fSS'brt^'i'fl S h f • ' ' ^ 3 = 5 HZ). 3.93 (3H. 

sj. J).i 0 (1H. br). 6.32 (IH.br), 6.61 (IH.s), 7.4-8.0 (4H.m). 8.03(1 H.br). . /■ v . 

EXAMPLE 564 

N-(2-Oxo-3-pyirolidinyl)-3-(3.4,8.9-tetrahydro-6-methoxy-3.3.8,B-tetramethylfuro[2,3-h]isoquinolin-1-yObenzamide 

Kps'i acid hydmchloride 

fSn h„ M T IT N.N^imethylfomiamide (3 mL). N-ethyldiisopropylamine (0.104 mL. 0.6 mmol) 
oUowed by N,N -cart>ony1d.imidazole (0.107 g. 0.66 mmol) were added thereto, and the mixture was stirred at room 

uZ^T^h T , . ! "'^^ '^^^^'^ ^" °f ^'^i""' <^f^'°ri<te. dried over sodium sulfate 

aT^ r . ZZTT '"""^ P^^^"^^- "^^ '^'"^^ ""^^ '"^^^ '° « chromatography on a sS 

tWe •"'^"'^^ concentrat^to Obtain S 

rtle compound (0.184 g. yield: 66%). The title compound was recrystallized from diethyl ether 
Melting point: 191-193 'C. 

1H NMR (CDCy S 1 .26 (6H. s). 1 .30 (6H. s). 1 .7-2.3 (2H. m). 2.15 (2H. s). 2.70 (2H. s). 3.2-3.5 (2H. m), 3.93 (3H. s). 
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4.62 (1H. br). 6.62 (1H. s), 7.00 (1H. br). 7,4-8.0 (4H. m), 7.70 (1H. br). 
EXAMPLE 565 

5 3,4.8.9Tetrahydro-6-methoxy-4,4,8,8-tetramethyl-1-phenyrfuro[2,3-hpsoquinoIine 

^ [1310] ' N-[2-(2,3-Dihydro-7-methoxy-2.2-dimethyl-5-ben2ofuranyl)-2-methylpropyl]^ (0.269 g, 0.76 mmol) 

was suspended in phosphorus oxychloride (3.5 g, 22.8 mmol) and the mixture was stirred at 100-105 *C for 2 hours. 
After cooling to room temperature, the reaction mixture was poured into an aqueous solution of sodium carbonate 
10 while cooling in ice with stirring, adjusted at pH 7 and extracted twice with ethyl acetate. The extract was washed with 
an aqueous solution of sodium chloride, dried over magnesium sulfate, filtered and concentrated under reduced pres- 
sui«fTOeT«siduewas^abjeGtedtO'a'ColumnchromatogfB^ 

amine (67:33:1) to collect the intended fraction, which was concentrated to obtain the tide compound (0.175 g. yield: 
68%). The title compound was recrystallized from diethyl ether/hexane (1 :2). 
15 Melting point: 137-139 *»C. 

1H NMR (CDCI3) 6 1.28 (6H. S), 1 .32 (6H. s), 2.26 (2H. s). 3.63 (2H, s), 3.95 (3H, s). 6.79 (1H. s), 7.42 (5H. S). 

EXAMPLE 566 

20 3-(3.4,8.9-tetrahydro-6-methoxy-4.4,8,8-tetramethylfuro[2,3-hlisoquinolin-1-yl)benzonitrile 

[1311] 3-Cyano-N-[2-(2,3-dihydro-7-methoxy-2.2-dimethyl-5-ben20furanyl)-2-methylpropyl]benzamide (0.955 g, 
2.52 mmol) was suspended in phosphorus oxychloride (1 1 .6 g, 75.6 mmol) and the mixture was stin-ed at 1 00-1 05 
for 2 hours. After cooling to room temperature, the reaction mixture was poured into an aqueous solution of potassium 

25 carbonate while cooling in ice with stirring, and adjusted at pH 7 and extracted twice with ethyl acetate. The extract 
was washed with an aqueous solution of sodium chloride, dried over magnesium sulfate, filtered and concentrated 
under reduced pressure. The residue was subjected to a column chromatography on a silica gel, eluted with hexane/ 
ethyl acetate (32) to collect the intended fraction, which was concentrated to obtain the title compound (0.65 g, yield: 
71%). The title compound was recrystallized from diethyl ether 

30 Melting point: 1 78-1 80 °C. 

1H NMR (CDCI3) 5 1.24 (6H. s), 1 .27 (6H. s), 2.23 (2H. s). 3.64 (2H. s), 3.96 (3H, s), 6.81 (1H. s). 7.4-7.9 (4H, m). 

EXAMPLE 567 

35 3-(3,4,8.9-Tetrahydro-6-nf)ethoxy-4,4,8.8-tetramethylfuro[2.3-h]isoquinolin-1-yl)benzamide 

[1312] 3-{3,4,8.9-Tetrahydro-6-methoxy-4,4.8.8-tetramethylfuro[2.3-h]isoquinolin-1-yl)benzonitrite (0.446 g, 1.23 
mmol) was dissolved in methanol (7 mL). 1 M aqueous solution of sodium hydroxide (1 .97 mL) and 30% aqueous 
solution of hydrogen peroxide (0.28 mL) were added thereto with cooling in ice. and the mixture was stin-ed at room 
40 temperature for 20 hours. Methanol was distilled off under reduced pressure, and the residue was diluted with water 
and extracted twice with ethyl acetate. The extract was washed with an aqueous solution of sodium chloride, dried 
over magnesium sulfate, filtered and concentrated under reduced pressure. The residue was recrystallized from ethyl 
acetate to obtain the title compound (0.275 g, yield: 59%). 
Melting point: 1 91 -1 93 'C. 

45 1H NMR (CDCI3) 6 1.28 (6H. s). 1.31 (6H. s), 2.24 (2H. s). 3.63 (2H. s). 3.95 (3H. s). 5.85 (1H, br). 6.35 (1H. br). 6.81 
(1H. s), 7.4-7.9 (4H. m). 

EXAMPLE 568 

50 3.4,8.9-Tetrahydro-6-methoxy-4,4,8.8-tetramethyl-1 -furo[2,3-h]isoquinollnecarboxylic acid ethyl ester 

[1313] Ethyl [[2-(2.3-dihydro-7-methoxy-2,2-dimethyl-5-benzofuranyl)-2-methylpropyl]amino]oxoacetate (0.610 g, 
0.76 mmol) was dissolved in phosphorus oxychloride (6.72 g, 43,8 mmoQ and stined at 100-105 ^'C for 3 houre. After 
cooling to room temperature, the reaction mixture was poured into 2 M aqueous solution of sodium hydroxide (30 mL) 
55 while cooling in ice with stirring, adjusted at pH 5 with sodium hydrogen carbonate, and extracted twice with ethyl 
acetate. The extract was washed with an aqueous solution of sodium chloride, dried over sodium sulfate, filtered and 
concentrated under reduced pressure. The residue was subjected to a column chromatography on a silica gel, eluted 
with hexane/ethyl acetate (2:1) to collect the Intended fraction, which was concentrated to obtain the title compound 
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(0.286 g, yield: 68%). The title compound was recrystallized from diethyl ether/hexane (11) 
Melting point: 117-121 

rj'^TH?)^?75 (1 H%^^^' s). 1 .26 (3H. t, J = 7 Hz), 1 .49 (6H, s). 2.99 (2H. s). 3.61 (2H. s). 3.94(3H, s). 4.12 (2H. 
EXA]MP,LE 569 

1-(3-Bromophenyl)-3.4.8.9-tetrahydro-6-methoxy-4,4,8,8-tetramethylfuro[2.3-hlisoqui^ 

[1 31 4] Phosphoms oxychloride (3.3 mL, 35 mmol) was added to a suspension of 3-bromo-N-[2.(2 3-dihydro-7-fneth- 
oxy-2.2<limethyl-5-ben2ofuranyI)-2-methylpropylJben2amide (1.28 g, 2.96 mmol) in toluene (25 ml) and the mixture 
washeatedijnderTefluxfof3:S'hoets-The=reactio^^^ 

solution of sodium hydroxide with cooling in ice. The organic layer was separated, and the aqueous layer was extracted 
with toluene. The combined organic layer was washed twice with water and concentrated under reduced pressure 
The residue was subjected to a column chromatography on a silica gel (hexane/ethyl acetate 4:1 followed by 21 ) and 
recrystallized from hexane to obtain the title compound {741 mg, yield: 60%). 
Melting point: 1 27-1 29 'C. 

1H NMR (CDCI3) 6 1.26 (6H. s), 1 .35 (6H. s) 2.31 (2H. s), 3.63 (2H, s), 3.95 (3H, s), 6,79 (IH. s) 7.28 (1H t J - 7 7 
H2). 7.38 (1H, dt. J = 7.7, 1.6 Hz). 7.55 (1H, dt. J = 7.7. 1.6 Hz). 7.61 (1H. t. H = 1.6 Hz). ' 

EXAMPLE 570 

3'-(3.4.8,9-Tetrahydro-6-methoxy-4.4.8,8-tetramethylfuro[2.3-h]isoquinoIin-1 -yl)[1 .1 '-biphenylH 



amine 



^ . suspension of 1 -(3-bromophenyl)-3.4.8.94etrahydro-6-methoxy-4.4.8.8-tetramethylfuro[2.3-h]isoquinoHnG 
^ll'^^'l'tt '*-<^''*'5.5-tetramethyl-1.3.2-clioxaboiolan-2-yl)anilino (353 mg, 1.61 mmol). sodium carbonate 

(388 mg. 3.66 mmol) and tetralds(tr<phenylphosphlne)palladium (0) (34 mg, 0.029 mmol) in 1 ,2-dimethoxy6thane (4 5 
mg, ethanol (2 mL) and water (1 .5 mL) was stirred at 80 'C for 14 hours under nitrogen atmosphere. The reaction 
mature was combined with water, and extracted twice with ethyl acetate. The combined organic layer was washed 
with water and bnne, dried through sodium sulfate-basic silica gel (eluting with ethyl acetate), and concentrated under 
reduced pressure The residue was subjected to a column chromatography on a basic silica gel (hexane/ethyl acetate 
10:1 followed by 1 :1). recrystallized from methanol-diethyl ether to obtain the ttle compound (400 mg yield- 64%) 
Melting point: 232-234 °C. a. / • -"o^ 

1H NMR (CDCI3) 5 1 .29 (6H. s). 1 .30 (6H, s). 2.34 (2H. s). 3.64 (2H, s). 3.73 (2H. br s). 3.96 (3H. s). 6 74 (2H d J = 
8.4 Hz). 6.81 (1H. s). 7.32 (1H. dt. J = 7.7. 15 Hz). 7.37-7.49 (3H. m). 7.56-7.63 (2H. m). 

EXAMPLE 571 

N-{3"-(3,4.8,9-TetrahydrD-6-methoxy-4,4,8,8-tetramethylfuro[2,3-hJiSGquinolin-1-yl)[1,r-biphenyO-4-yl]acetamide 

\l^nl.S!'.**^^1!'^u^^n' '° ^^"^ ^^P'^ 3'-(3'4.8.9-tetrahydro-6-methoxy-4.4,8,8-tetfamethylfuio[2.3-h] 
isoquinol(n-1-yl)I1.r-biphenyn-4-amlne was employed to obtain the title compound yield 57% 
Melting point: 223-227 »c (ethyl acetate-diethyl ether) 

EXAMPLE 572 

1-(3-Bromophenyl)-3,4,8.9-tetrahydro-4,4,8,8-tetramethyl-6-turo[2,3-hJisoquinolinol 

£131^ 48% Hydrobromic acid (SO mL) was added to 1-(3-Bromophenyl)-3,4,8,9-tetrahydro-6-methoxy-4.4,8.8-te- 
tramethylfuro[2.3-h)isoquinoline (4.73 g, 11 .4 mmol) and the mixture was heated under reflux for 22 hours The reaction 
mixture was cooled with ice, neutralized with cone, aqueous ammonia, and extracted twice with ethyl acetate The 
combined organic layer was washed twice with water, and concentrated under reduced pressure. The residue was 
crystallized from ethyl acetate-diethyl ether to obtain the title compound (3.96 g yield- 87%) 
Melting point: 230-235 "C. " ' ■ /• 

1H NMR (CDCI3) 51.21 (6H.S). 1-32 (6H,s). 2.29 (2H.s).3.59(2H.s).6.74(1H,s), 7.27 (IH.t, J = 7.8Hz) 740(1H 
dt.J = 7.8.1.6Hz),7.55(1H.dt.J = 7.8.1.6Hz).7.60(1H,t,J=1.6Hz). ^ "P". 
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EXAMPLE 573 



[3'-(3,4,8,9Tetrahydro-6-hydroxy-4.4.8,8-tetramethylfuro[2.3-h]isoquinolin-1^ 
phenylmethyl ester 

[13i«] A suspension of 1 -(3-bromophenyl)-3.4,8,9-tetrahydro-4,4,8.8-tetranielhyl^-furo[2,3-h]isoquinoli (2.40 g. 
6.00 mfnol), I4-(4,4.5.5-tetramethyl-1,3,2-dioxaborolan-2-yl)phenyl]carbamic acid phenylmethyl ester (2.54 g, 7.19 
mmol). sodium carbonate (1 ,69 g, 15.0 mmof) and tetrakis(triphenylphosphine)pa«adium(0) (139 mg, 0.120 mmol) in 
1.2-dimethoxyethane (20 mL), ethanol (10 mL) and water (10 mL) was stirred at 85 *»C for 16 hours under nitrogen 
atmosphere. The reaction mixture was combined with ethyl acetate and water, and the organic layer was separated, 
and the aqueous layer was extracted with ethyl acetate. The combined organic layer was washed with brine, dried 
throagh'sodiumcsdifate-siiica geh{eluting with.etl:vyl'aeetate)v and^concent^ 

was subjected to a column chromatography on a basic silica gel (hexane/ethyl acetate 1:2 followed by ethyl acetate), 
crystallized from ethyl acetate-chloroform to obtain the title compound (2.63 g, yield: 80%). 
Melting point: 1 61 -1 65 'C. 

1H NMR (DMSO-dg) 5 1.15 (6H, s). 1.19 (6H. s). 2.25 {2H. S), 3.48 (2H. s), 6.17 (2H, S), 6.74 (1H, s), 7.31-7 75 (13H 
m). 9.74 (1H, s), 9.91 (1H, s). 



EXAMPLE 574 



[343A8,9Tetrahydro-4.4.8,8-tetramethyl-6-[[(trifluoromethyl)sulfonyl]oxy]furo[2,3-hpsoquinoli^ 
4-yl]carbamic acid phenylmethyl ester 

[1319] The title compound was obtained from [3'-(3.4,8,9-tetrahydro-6-hydroxy-4,4,8,8-tetramethylfuro[2,3-h]isoqui- 
nolin-1 -yl)[1 ,1 '-biphenyl]-4-yl]carbamic acid phenylmethyl ester by the method similar to that in EXAMPLE 95 Yield- 
92%. 

Amorphous. 

1H NMR (CDCI3) 5 1 .28 (6H, s). 1 .30 (6H. s). 2.37 (2H. s). 3.70 (2H, s), 5.22 (2H, s), 6.80 (1 H, br s). 7 08 (1 H s) 
731-7.51 (9H, m). 757 (2H. d. J = 8.7 Hz), 762-7.68 (2H, m). ' 

EXAMPLE 575 



[3'-(3,4,8,9-Tetrahydro-4,4,8,8-tetramethylfuro[2.3-h]isoquinolin-1 -yl)[1 .r-biphenyll-4-yl]carbamic acid phenylmethyl 
ester 



(1 320] Formic acid (0.30 mL, 8.0 mmol) was added to a solution of l343,4,8,9-tetrahydro-4,4,8;8-tetramethyl-6-[[(tri- 
fluoromethyl)sulfonyl]oxy]furo[2,3-hlisoquinolin-1 -yl][1 .1 •-blphenyl]-4-yl]carbamic acid phenylmethyl ester (2.74 g. 4.04 
mmol), triethylamine (1.7 mL, 12 mmol). palladium acetate (II) (23 mg. 0.10 mmol) and triphenylphosphine (53 mg, 
0.20 mmol) in N,N-dimethylformamide (8 mL) and the mixture was stirred at 70 *>C for 4 hours under nitrogen atmos- 
phere. The reaction mixture was combined with water and a saturated aqueous solution of sodium hydrogen carbonate, 
and extracted twice with ethyl acetate. The combined organic layer was washed twice with water, and concentrated 
under reduced pressure. The residue was subjected to a column chromatography on a basic silica gel (hexane/ethyl 
acetate 2:1), crystalfized from ethyl acetate-diethyl ether to obtain the title compound (1.72 g yield' 80%) 
Melting point: 1 26-1 29 •C. 

NMR (CDCIa) 6 1.27 (6H, s). 1.28 (6H. s), 2.32 (2H, s). 3.68 (2H. s), 5.22 (2H. s). 6.77 (1H. brs), 6.83 (1H. d. J = 
8.4 Hz). 7.19 (1H, d. J = 8.4 Hz), 7.31-7.50 (9H, m), 7.55-7.68 (4H, m). 

EXAMPLE 576 



3'-(3,4.8.9-Tetrahydro-4,4.8,8-tetramethylfuro[2.3-h]isoquinolin-1 -yl)[1 .1 '-biphenyIJ-4-amine dihydrobromide 

[1 321 J 25% Hydrobromic add/acetic acid solution (7 mL) was added to a solution of [3'-(3,4,8,9-tetrahydro-4,4,8,8-te- 
tramethylfuro[2,3-h]isoquinolin-1-yl)[1,r-biphenyl]-4-yl]carbamic acid phenylmethyl ester (1.90 g. 3.58 mmol) in chlo- 
roform (20 mL) and the mixture was stirred at room temperature for 3 hours, fhe reaction mixture was concentrated 
under reduced pressure, and the residue was combined with diethyl ether, and the solid was recovered by filtration to 
obtain the title compound (1 .97 g, 99%). 
Melting point: 206-210 'C. 

NMR (DMSO^) 5 1.21 (3H. s). 1.25 (3H. s). 1.37 (6H. s). 2.25-2.50 (2H, m), 3.70-3.90 (2H. m). 715-7.32 (2H. 
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m). 7,27 (1H, d. J = 8.4 Hz). 7.50 (1H. d. J = 8.4 Hz). 7.62-7.70 (1H. m). 7.72 7.85 (3H. m). 8.05-8.07 (1H m) 8 08 
(IH.d. J = 7.8Hz). \ . . 

EXAMPLE 577 

^ Ni3'-^3j4,8,9-Tetrahydro-4,4,8,8-tetramethylfuro[2,3-h]lsoqu^ 

[1322] A solution of sodium carbonate (185 mg, 1.75 mmol) In water (1 mL) was added to a suspension of 
3'-(3.4,8,9-tetrahydro-4.4.8,84etraniethy!furo[2.3-h]isoquinolin-1 -yl)[1 .1'-biphenyl]-4-amine dihydrobromide (279 mg 
0.500 mnnol) in tetrahydrof uran (1 mL). The resultant mixture was cooled with ice, treated dropwise with acetyl chloride 
(46 1±, 0.65 mmol), and stirred at the same temperature for 1 5 minutes. The reaction mixture was combined with water, 
and^j^tacted-twjeewith^^^GWorofonTC^ 

filtered and concentrated under reduced pressure. The residue was crystallized from ethyl acetate<liethyl ether to 
obtain the title compound (1 49 mg, 68%). 
Melting point: 246-249 ''C. 

iH NMR (CDCy 5 1.27 (6H. s), 1 .29 {6H. s). 2.19 (3H. s), 2.32 (2H, s). 3.68 (2H, s). 6.83 (1H, d. J = 8 1 Hz) 7 19 
(1H, d, J = 8.1 Hz), 7.36-7.43 (2H. m). 7.47 (1H.. t. J = 7.5 Hz), 7.57 (4H, s). 7.61-7.68 (2H. m). 

EXAMPLE 578 

N-[3*-(3,4,8.9-TetrahydrD-4,4,8,8-tetramethylfuro{2,3-h]isoquinonn-1 -yl)[1 ,1 •-biphenyl]-4-yI]propanamide 

[1323] The title compound was obtained from propionyl chloride by the method similar to that in EXAMPLE 577 
Yield: 56%. Melting point: 215-21 B °C (ethyl acetate-diethyl ether), 

1H NMR (CDCI3) 5 1.23-1.31 (3H, m). 1.27 (6Ks), 1.29 (6H. s), 2.32 {2H. s). 2.41 (2H, q. J = 7.5 Hz), 3.68 (2H s) 
6,83(1H,d. J = 8.1 Hz).7.19{1H,d, J = 8.1 Hz). 7.20-7.27 (1H, m), 7.37-7.42 (1H. m). 7.47 (1H, t, J = 7.5 Hz) 7 59 
(4H. s), 7.62-7.68 (2H, m). 

EXAMPLE 579 

Ni3'-(3,4,8,9-Tetrahydro-4,4,8.8-tetramethylfuro[2.3-h]isoquinolin-1 -yl)[1 ,1 '4)iphenylM-yl]^^ 

[1324] Formic acid (0.5 mL) was treated dropwise with acetic anhydride (0.1 4 mL, 1 .5 mmol) with coofing in ice and 
strn-ed at the same temperature for 1 .5 hours. The resultant solution was added dropwise to a solution of 3'-(3 4 8 9-tet- 
rahydro-4.4.8.8-tetrBmethylfuro[2,3-h]isoqulnolin-1-yl)[1,r-biphenyO-4.amlne dihydrobromide (279 mg. 6.500 mmol) 
and sodium fomiate (75 mg. 1.1 mmol) in fomiic acid (0.5 mL), and the mixture was stirred at room temperature for 
1 .5 hours. The reaction mixture was added dropwise to a suspension of sodium hydrogen carbonate (3.1 g, 37 mmol) 
in water-ethyl acetate, and the organic layer was separated, and the aqueous layer was extracted with ethyl acetate 
The combined organic layer was washed with brine, dried over sodium sulfate, filtered and concentrated under reduced 
pressure. The residue was crystallized from ethyl acetate-hexane to obtain the title compound (147 mq yield- 69%) 
Melting point: 197-199 'C, y» r • 

1H NMR (CDCI3) 6 1.27 (6H. s). 1.29 (6H, s), 2.32 (2H. s). 3.69 (2H, s), 6.84 (1H, d, J = 8.4 Hz), 7,13 (1H, d J = 8 7 
Hz). 7.20 (1H. d. J = 8.4 Hz), 7.38-7.69 (8H, m), 8.38 (0.55H, d, J = 1.8 Hz). 8.73 (0.45H. d. J = 11.1 Hz). 

EXAMPLE 580 
3^(6-Hydroxy-4,4,8,8-tet 

[1325] The title compound was obtained from 1-{3-bromophenyl)-3,4.8,9-tetrahydro-4,4,8.8-tetramethyl-6-furo 
[2.3-h]isoquinoIinol and 4-(4,4,5,5-tetramethyl-1 .3.2-dioxaborolan-2-yObenzolc acid ethyl ester by the method similar 
to that in EXAMPLE 461 . Yield: 62%, 
Melting point: 21 4-21 7 (ethyl acetate-diethyl ether). 

NMR (CDCI3) 8 1 .21 (6H, s), 1 .28 (6H, s), 1 ,41 (3H, t, J = 7.2 Hz), 2,32 (2H, s), 3.60 (2H, s). 4.40 (2H q J = 7 2 
Hz). 6.73 (1 H, s), 7U58-7.54 (2H, m), 7.63-7.77 (2H, m), 7.68 (2H. d, J = 8.4 Hz). 8.09 (2H. d, J = 8.4 Hz) ' 
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EXAMPLE 581 

[343,4,8.94etrahydro-4.4.8.84etramethyl-6-[I(trifluoromethyl)sulfonyl]^^^ 
4-carboxylic add ethyl ester 

[1326] ^ The title compound was obtained from 3'-(6-hydroxy-4,4,8,8-tetramethyl-3,4,8,9-tetrahydrofuro[2,3-h]isoqui- 
nolin-1.-Vl)[1 ,r-biphenyl]-4-carboxy|jc acid ethyl ester by the method similar to that in EXAMPLE 95. Yield: 97%. 
Melting point: 147-149 (ethyl acetate-hexane), 

1H NMR(CDCl3)S1.29(6H. s). 1.31 (6H. s), 1 .42 (3H. t, J = 7.2 Hz). 2.38 (2H. s). 3.72 (2H, brs), 4.41 (2H,q. J = 7.2 
Hz), 7.10 (1H, s). 7.42-7.48 (1H. m). 7.50-7.57 (1H, m). 7.67-7.76 {4H. m). 8.12 (2H, d. J = 8.1 Hz). 

E5€AMPIi:&582^' 

3'-(3,4,8,9-TetrahydfD-4.4,8.8-tetramethylfuro[2,3-h]isoquinolin-1 -yl)[1,r-biphenyl]-4-carboxylic acid ethyl ester 

[1327] The title compound was obtained from [3'-[3,4,8,9-tetrahydro-4,4,8,8-tetramethyl-6-[[(trifluoromethyl)sulfonyl] 
oxy]furo[2,3-h]lsoquinolin-1-yO[1,r-biphenyl]^-cart)oxyllc acid ethyl ester by the method similar to that In EXAMPLE 
575. Yield: 75%. 

Melting point: 144-149 'C (hexane). 

1H NMR (CDCI3) 6 1.28 (6H, s), 1.29 (6H. s), 1.42 (3H. t. J = 7.1 Hz), 2.32 (2H, s), 3.69 (2H, s). 4.40 (2H, q, J = 7 1 
Hz). 6.84 (1H. d. J = 8.4 Hz), 7.20 (1 H, d, J = 8.4 Hz), 7.47 (1H, dt. J = 7.6, 1.7 Hz), 7.52 (1H. td. J = 7.6. 0 6 Hz) 
7.67-7.76 (4H, m), 8.08-8.13 (2H, m). 

EXAMPLE 683 

3'-(3,4,8,9-Tetrahydro-4,4,8,8-tetramethylfuro[2,3-h]isoquinolin-1 -yl)[1 ,1 •-biphenyl]-4-carboxylic acid 

[1328] 1 M aqueous solution of sodium hydroxide (10 mL) was added to a suspension of 3'-(3,4,8.9-tetrahydro- 
4.4.8.8-tetramethylfuro[2,3-h]isoquinonn-1 -yl)[1 ,1 '-biphenylJ-4-cafboxylicacid ethyl ester(1 .30 g, 2.87 mmol) in ethanol 
(15 mL) and the mixture was stin^ed at 70 *»C for 45 minutes, the reaction mixture was cooled with ice. treated dropwise 
with 1 M hydrochloric acid (1 0 mL), and extracted twice with chlorofomi. The combined organic layer was washed with 
brine, combined with a small amount of methanol, dried over sodium sulfate, filtered, and concentrated under reduced 
pressure. The residue was crystallized from chlorofomi-ethyl acetate to obtain the title compound (1 .1 9 g. yield: 97%) 
Melting point: 286-291 "C, 

1H NMR (DMSOKifi) 6 1.19 (6H, s), 1.21 (6H, s), 2.28 (2H. s), 3.58 (2H, s), 6.86 (1H. d, J = 8.3 Hz), 7.24 (1H, d. J = 
8.3 Hz). 7.44 (1 H. dt. J = 7.6. 1 .4 Hz). 7.58 (1 H. t, J = 7.6 Hz), 7.74 (1 H. t. J = 1 .4 Hz). 7.87-7.8873H. m). 8.03 '(2H, d. 
J = 8.4 Hz), 12.80-13.06 (1H.br). 

EXAMPLE 584 

3*-(3,4,8,9-Tetrahydro-4,4.8,8-tetramethylfuro[2,3-hJisoquinol]n-1 -yl)[1 ,1 '-biphenyl]-4-carboxamide 

[1329] 1 -Ethyl-3-(3-dimethylaminopropyl)carbodiimide hydrochloride (125 mg, 0.652 mmol) was added to a suspen- 
sion of 3'-(3.4,8,9-tetrahydro-4,4,8,8-tetramethylfuro[2,3-h]isoquinolin-1-yl)[1 j^biphenyl]-4K5arbo acid (213 mg, 
0.501 mmol) and 1-hydroxy-1H-benzotriazole ammonium salt (92 mg, 0.60 mmol) In N.N-dimethylformamlde (1 mL) 
and the mixture was stirred at room temperature for 15 hours. Triethylamlne (0.16 mL, 1 .1 mmol) was added to the 
resultant mixture and the mixture was stirred at room temperature for 2 hours. The reaction mixture was combined 
with water and extracted twice with ethyl acetate-tetrahydrofuran mixture. The combined organic layer was washed 
with brine, dried through sodium sulfate-basic silica gel (eluting with ethyl acetate), and concentrated under reduced 
pressure. The resultant solid was washed with ethyl acetate-hexane to obtain the title compound (89.5 mg, yield: 42%). 
Melting point: 284-296 *C. 

1H NMR (DMSO-dg) 8 1.19 (6H, s), 1.21 (6H, s). 2.29 (2H. s), 3.58 (2H, s), 6.86 (1H, d, J = 8.1 Hz), 7.24 (1H, d. J = 
8.1 Hz), 7.36-7.45 (2H, m), 7.57 (1H, t. J = 7.7 Hz). 7.73 (1H, t, J = 1.6 Hz), 7,79 (2H. d, J = 8.6 Hz). 7.81-7.87 (1H, 
m), 7.97 (2H, d, J = 8.6 Hz). 8.04 (1H, br s). 
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EXAMPLE 585 



N-Methyl-3V(3,4.8,94etfaMro^.4.B,84etraniethylfuro[2.3-hlisoquinolin-1-yl)[lj^b^ 

l?^^ J^^«T ""^^ fro"' 3'-(3.4.8.9-tetrahydr<M.4.8.8-tetramethylfuro[2.3-hlisoquinolin-1-yl) 

[1.1 -oiiihenylHKJaitoxylic acid by the method similar to that in EXAMPLE 459. Yield^ 
^ Melting point: 242-244 'C (ethyl acetate-hexane). 

1H NMR (CDCIa) 5 1.27 (6H. s), 1.29 (6H. s), 2.32 (2H. s), 3.05 (3H. d, J = 4.8 Hz). 3.69 (2H s) 6 15-6 25 HH m^ 

'83 !2h: d! i : si hz!: ' ~- ' = ^•^^-^•^ '^^^ 

EXAMP4;E'586- 

3-(3,4,8,9-Tetfahydro-3,3.8,8-tetramethyl-6-(propylthio)furo[2.3-h]isoquinolin-1-yl)benzolcacid 

[1331] A solution of an about 1 5:2 mixture of 2.3-dlhydro-2,2-dimethy1-5-(2-methyl-1 -propenyl)-7-(propvlthlo)benzo- 
furan and 2.3^ihydro-2,2-dimethyl-5-(2-methyl-1-propenyl)benzofuran obtained in EXAmVle 549 (3 10 g) and iso- 
propyl 3-cyanobenzoate (1.83 g, 9.65 mmol) in acetic acid (6 mL)-toluene (13 mL) was treated dropwise with cone 
sulfunc ac.d (1.80 mL. 33.7 mmol) with cooling in ice. and stirred at 60 -C for 1.5 hours. Isopropyl alcohol (11 7 mL)' 
was added dropwise to the mixture, and the mixture was heated under reflux for 5 hours. Ice water was poured into 
the reaction mixture, which was neutralized with sodium hydrogen carbonate, and extracted twice with ethyl acetate 

The combinedorganiclayerwas washed with brine.driedoversodlumsulfate. filtered and concentrated under reduced 
pressure^ The residue was dissolved in N,N-dimethylfom,amide (20 mL). potassium carbonate (668 mg. 4 83 mmol) 
and 2-.odopropane (0.48 mL. 4.83 mmol) were added thereto, and the mixture was stirred at room temfSrature for 15 
hours. Water was poured into the reaction mixture, which was extracted twice with ethyl acetate. The combined organic 
^yer w^ washed with water and brine, dried over sodium sulfate, filtered and concentrated under reduced pressur^ 
r.T^ subjected to a column chromatography on a silica gel (hexane/ethyl acetate 10:1 followed by 51 ) to 

^]^^} "^^ [^^""J^' derivative (1 .00 g. 2.15 mmol) was dissolved in methanol (4 mL). 5 M aqueous solution 
of sodium hydroxide (2 mL) was added thereto, and the mixture was stirred at room temperature for 15 hours T^e 
reactron mixture was adjusted at pH 4.5 with 5 M hydrochloric acid, combined with sodium chloride, and extracted 
h.ice with ethyl acetate. The combined organic layer was washed with brine, dried over magnesium sulfate f S3 
and concentrated under reduced pressure. The residue was crystallized from ethyl acetate-difsopropyl ether to obt^n 
the title compound (153 mg, yield: 17%). 
Melting point: 206-208 "C. 

1H NMR (CDCy 5 1.11 (3H. t. J = 7.5 Hz), 1.25 (6H. s), 1 .51 (3H, s). 1 .74-1 .86 (2H, m). 1 91 (3H s) 2 05-2 17 f2H 

Sm'?(Z^^^ 

EXAMPLE 587 

I'-yObt^am^dl'''''^'"^""'"""^^^^ 

monohydrate (280 mg, 1.83 mmol), triethylamine (0.58 mL, 4.15 mmol) and 
-l?^7BoffT.^T'"°P'°P^'^*'^*°'^"'"''^^ hydrochloride (414 mg, 2.16 mmol) were added to a solution of 
3-(3.4,8,9-tetrahydro-3,3.8,8-tetramethyl-6-propylthiofuro[2,3-h]isoquinolin-1-yl)ben2oicacid (703 mg.1.66 mmol) and 
w^lTri^'riT ^^'?^"^ hydrochloride (254 mg. 1 .83 mmol) in N,N-dimethylfomiamide (4 mL) and the mixture 

wjh ethyl acetate. The combined organic layer was washed with water and brine, dried over sodium sulfate, filtered 
and concentrated under reduced pressure. The residue was subjected to a column chromatography on a basic silica 

to obtain the title compound (478 mg, yield: 57%). 
Melting point: 195-197 'C. 

7.S-A89 (2H 'S. ' ^ ^•^•^•52 (2H. m!: 
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EXAMPLE 588 

3.4,8.9Tetrahydro-5,6-dimethoxy-3.3.83-tetramethyl-1-phenylfuro[2.3'hlisoquinoli^^ 

5 [1334] A solution of 2,3-dihydro-67-dimethoxy-2,2-dimethyl-5-(2-methyl-1-propenyl)ben2ofuran (220 mg, 0.839 

\mmol) and benzonitrile (0.086 mL, 0.839 mmol) in acetic acid (0.4 mL)-toluene (1 mL) was treated dropwise with cone. 
' sulfuric acid (0.11 mL, 2.10 mmol) with cooling in ice, and stirred at 80 *C for 40 minutes. Ice water was poured into 
* the reaction mixture, which was washed with diisopropyl ether. The aqueous layer was neutralized with cone, aqueous 
ammonia, and extracted with ethyl acetate. The combined organic layer was washed twice with brine, dried over sodium 
^0 sulfate, filtered and concentrated under reduced pressure. The residue was subjected to a column chromatography 
on a basic silica gel (hexane/ethyl acetate 10:1 followed by 5:1) to obtain a free base of the title compound. 
m-NMR (€De^ S4:25-{6Hi &)? 1»^ (6Hv s)^' 2^ 

[1335] This was dissolved in ethyl acetate, 4 M hydrogen chloride/ethyl acetate solution was added thereto, and the 
mixture was concentrated under reduced pressure crystallized from ethyl acetate-dlisopropyl ether to obtain the title 
^5 compound (6 mg^ yield: 2%). 
Melting point: 155-157 *'C. 

[1336] The compounds produced in EXAMPELS described above are indicated in Tables 1 to 22 shown below. 
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Table 2 
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Table 3 
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Table 8 
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Table 10 
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298 -CaH» 



305 -CH, 



S HO 



tend HO 



55 
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Table 12 



10 



15 



20 



25 



30 



35 



40 



45 




addBive ex. 



115 -€H^(CH|br -CH, 



-CH, HQ 137 



133 '*C^ 
134 

135 -Vy^T 



-CM, Ha 
-CiHs Ha 
-COCH, HO 



117 -CH^NfCH,^ 



118 • -CHxNtCH^ -OOOI, 




132 -taHr 



•H 

-CH, SKQ 

-CaMs 



■CH, 

230 «C»V<H, Ol, 
-CHb 



231 



O 
M 



232 



233 



-COCH, 2Ha 234 -CH,jBr 



•CM, 



-CH, 



238 -CH^OPsH, 

237 -OV^H 

238 -CHsF 

239 -CHj 

240 -CK^ 



-CH, HO 
-CH, 

•CH, KO 

-CH, HQ 

-CH, 



241 -CH^COtPtHs -CK, HQ 

242 -CH^CCMf -CH, 

243 -CH^CONH, <H, 

244 -CHsCOmOi, -CH, 



MS 




23S XHpCH, -CH, HQ 246 -CH,OH 



55 
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Table 13 




30 



35 



40 



55 
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109 J -CKaBr 0<, -CH, -H -H 



X) 



15 

1«S J^^^ OH ^ -H 41 HQ 



jTjl -CH, -CH, MM -CHi OH 



25 JLJ -CH, OH -H 4* Ha 

OH OH 41 4* 41 4« 

^ ^ JL II OH OH -iCtHU- -H 41 

OH OH -(PHU- •« M 



^ JLJ 04, OH -Cjtit, -QitH 41- 41 HQ 

40 „ „ « 

0<, OH -CjH, ^ 41 41 HQ 

^ r OH OH -CsH, XVH -« 4< HQ 



X) 



-« -H -CH, -OH 44 44 Ha 

-OH 4< OH OH -H -H 



JO* -chj -h oh oh 



^ JLJ -COaCH, 4< OH OH 4< .H 
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5 

\ 


Table 17 

V 

/ 










««»« ex. R» 




10 




KQ S2f HQ 




15 






- -CXX^ . 

H H 
H ' 


20 




HQ S23 '^^•♦j^ HO 




25 






- <^ ■ 

' — / 




o 






30 
















35 




H H M 








H 


»« XXjjXi^ Ha 


40 


o o 






45 


H 


H H 








H H 




50 




N H 




55 


H 
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Table 18 
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Table 20 



CH3O 




ex. R* ^ 



n additive 



476 



569 



570 




H 

^ -CH, -CH, -CHr 



^ ^G^^r. ~ -CH3 ^OHh 0 



^ x*«%i:,A^N^^CONH2 -CH3 ^3 -CHCOH}- 0 



X) 



-CH3 ^ -c(=o>. 




-H -C(CHa)2- 0 




Tin • ..-C(CHa)2- 0 
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Table 21 




40 



45 



50 



55 
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Table 22 




40 



Formulation Example 1 
[1337] 



(1) Compound of Example 1 


10.0 mg 


(2) Lactose 


60.0 mg 


(3) Com starch 


35.0 mg 


(4) Gelatin 


3.0 mg 


(5) Magnesium stearate 


2.0 mg 



[13381 A mixture of 10.0 mg of tfie compound obtained in Example 1 . 60.0 mg of lactose and 35.0 mg of a com starch 
was granulated using 0.03 ml of 1 0% aqueous solution of gelatin (3.0 mg as gelatin) through a 1 . mm mesh sieve, dried 
55 at 40*'C and then sieved again. The resultant granule was combined with 2.0 mg of magnesium stearate and then 
compressed. The resultant core was coated with a sugar coating comprising sucrose, titanium dioxide, talc and gum 
arable in an aqueous suspension. The resultant coated tablet was imparted with a gloss with a beeswax to obtain a 
coated tablet. 
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Formulation Example 2 
[13391 



(1) Compound of Example 1 


10.0 mg 


(2) Lactose. 


70.0 mg 


(3) Com starch 


50.0 mg 


(4) Soluble starch 


7.0 mg 


(5) Magnesium stearate 


3.0 mg 



[13401 taamaof thacompoundobtained in Exampla l^andao mg.Qtmagnesiimstearate,wemgianulated.iisina. 
0 07 mL of an aqueous solution of a soluble staich (7.0 mg as soluble starch), dried, and then combined with 70 0 nw 
of lactose and 50.0 mg of a com starch. The mixture was compressed Into a tablet 

Fonnulation Example 3 
[1341] 



(1) Compound of Example 11 


5.0 mg 


(2) Sodium chloride 


20.0 mg 


(3) Distilled water 


to2mL 



[13421 5.0 mg of the compound obtained in Example 11 and 20.0 mg of sodium chloride were dissolved in distilled 
water and water was then added to make the entire volume 2.0 mL. The solution was filtered, and filled asepticaily in 
a 2 mL ampoule. The ampoule was sterilized, sealed, whereby obtaining an Injection solution. 

Formulation Example 4 

E^l Jr p^i^'l,"^? granuiaUng drier (FD^S. KK POWREX Corporation). 1500 g of the compound obtained in 
T^.:,^ ,1 i ^"^ ^^^-^ 3 °' '^""^ ^'^'''^ ""^'^ ""'"^^ homogeneously, and then an aqueous solution 

ll'l^ ^ of hydroxypropyl cellulose was dissolved was sprayed in the drier to effect a granulation, after which 

sieved Uirough a 1 .5 mm punching screen to obtain a sized granule. 3927 g of this sized granule was combined with 
k!!£! ^''^"""^••oscamiellose and 63 g of magnesium stearate, and mixed in a tumbler mixer to obtain a granule to 

machine. The resultant plain tablet was coated with a solution containing hydroxypropyknethyl cellulose 2910 (TC-5) 
and macrogol 6000 dissolved therein and titanium oxide and iron(lll) oxide dispersed therein to obtain about 13500 
film-coated tablets each containing 100 mg whose composition is shown below. 



Tablet fonnulation: 


Composition 


Content ( mg) 


(1 ) Compound of Example 1 


100.0 


(2) Lactose 


135.0 


(3) Com starch 


37.1 


(4) Sodium croscarmellose 


15.0 


(5) Hydroxypropyl cellulose 


8.4 


(6) Magnesium stearate 


4.5 


Total (plain tablet) 


300.0 


Film-coated tablet composition: 


(1) Plain tablet 


300.0 


(Film component) 




(2) Hydroxypropylmethyl cellulose 291 0 


7.485 


(3) Macrogol 6000 


1.5 
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(continued) 



Tablet formulation: 


Composition 


Content ( mg) 


(Film component) 




(4) Titanium oxide 


1.0 


(5) iron(lll).oxlde 


0.015 


Total 


310.0 



Fomiulation Example 5 



[1344] According to the method described in Fonmulation Example 4, about 13500 film<:oated tablets having the 
formulation shown below each containing 25 mg of the compound obtained In Example 1 were obtained. 



Tablet formulation: 


Composition 


Content ( mg) 


(1) Compound of Example 1 


25.0 


(2) Lactose 


210.0 


(3) Corn starch 


37.1 


(4) Sodium croscarmellose 


15-0 


(5) Hydroxypropyl cellulose 


8.4 


(6) Magnesium stearate 


4.5 


Total (plain tablet) 


300.0 


Film-coated formulation: 


(1) Plain tablet 


300.0 


(Rim components) 




(2) Hydroxypropyl cellulose 2910 


7.485 


(3) Macrogol 6000 


1.5 


(4) Titanium oxide 


1.0 


(5) iron(lll) oxide 


0.015 


Total 


310.0 



Formulation Example 6 

40 

[1345] According to the method described in Formulation Example 4, about 13500 film-coated tablets having the 
formulation shown below each containing 5 mg of the compound obtained in Example 1 were obtained. 



.50 



Tablet fomiulation: 


Composition 


Content ( mg) 


(1) Compound of Example 1 


5.0 


(2) L^tose 


230,0 


(3) Corn starch 


37.1 


(4) Sodium croscamiellose 


15.0 


(5) Hydroxypropyl cellulose 


8,4 


(6) Magnesium stearate 


4,5 


Total (plain tablet) 


300.0 


Film-coated formulation: 


(1) Plain tablet 


300.0 


(Film components) 
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(continued) 



10 



IS 



20 



25 



30 



35 



Tablet formulation: 


Composition 


Content ( mg) 


Film-coatecl fomiulatlon: 


(2) Hydroxypropyl cellulose 2910 


7.485 


(3) Macrogol 6000 


1.5 


(4) Titanium oxide 


1.0 


(5) iron(lll) oxide 


0.015 


Total 


310,0 



Formulation Example 7 



11346] According to the method described in Formulation Example 4, alxjut 13500 film-coated tablets having the 
formulation shown below each containing 1 mg of the compound obtained in Example 1 were obtained. 



40 



Tablet fonnulatlon: 


Composition 


Content ( mg) 


(1 ) Compound of Example 1 


1.0 


(2) Lactose 


234.0 


(3) Com starch 


37.1 


(4) Sodium croscannellose 


15.0 


(5) Hydroxypropyl cellulose 


8.4 


(6) Magnesium stearate 


4.5 


Total (plain tablet) 


300.0 


Film-coated fomiulation: 


(1) Plain tablet 


300.0 


(Film components) 




(2) Hydroxypropyl cellulose 291 0 


7.485 


(3) Macrogol 6000 


1.5 


(4) Titanium oxide 


1.0 


(5) iron(l(l) oxide 


0.015 


Total 


310,0 



Formulation Example 8 
[1347] 



45 



50 



55 



White vaseline 


40 g 


Cetanol 


lOg 


Bleached beeswax 


5g 


Sorbitan sesquioleate 


5g 


LauroMOCROGOLD 


0.5 g 


Methyl p-hydroxybenzoate 


0.1 g 


Propyl p-hydroxybenzoate 


0.1 g 


Purified water 


Appropriate 



?!ffK ^IT'^ "^^'"9 the composition shown above (100 g) was heated preliminarily at 70«C 

ExarTrf io T f """t"^ T'^^ ""'^'""'^ ""^'"'"'"^ ^ 9 obtained iri 

Example 1 .n 20 mL of methanol with heating. At the same temperature, the mixture was stirred with heating for 10 
minutes to remove residual methanol, and then cooled to room temperature to obtain a wettable ointment 
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Experiment Example 1 Assay of phosphodiesterase tV-lnhibiting effect 
(1) Human brain-derived phosphodiesterase 4D3-encoding gene cloning 



5 [1 349] From a human brain cDN A library, a gene encoding phosphodiesterase 4D3 was cloned. Using 1 ng of brain 
* QUIGK-CloneTM cDNA (Clontech) as a template, each 20 pmol of a primer set: 5'-CCACGATAGCTGCTCAAACAA- 
Y GAG-3'.tSEQ. ID. No.1) and 5'-ATAGAAACCGCAAGTCCAATAAAC-3' (SEQ. ID. No.2) which was prepared referring 
' to the phosphodiesterase 4D3 gene base sequence reported by Nemoz et al (FEBS Letters 384. 97--102, 1996) was 
added to effect a PGR by a MiniCyclerT*- (MJ RESEARCH) using TaKaRa EX Taq (TAKARA) (reaction condition: 30 
10 cycles of 0.5 minutes at 94*»C. 0.5 minutes at 55*C and 4 minutes at 72*C). The resultant PGR product was subjected 
to an agarose gel electrophoresis and an about 2.4 kb DNA fragment was recovered. This fragment was made blunt 
using a Pfu DNA potymerase (STflATAGENE)«and'then'a phosphodiestera 
PGR Cloning Kit (Invitrogen). 



IS (2) Construction of E.coli expression vector 



[1350] The plasmid obtained in Section (1 ) described above was digested with a restriction enzyme EcoRI (Takara) 
and subjected to an agarose gel electrophoresis to recover an about 2.4 kb DNA fragment. This DNA fragment was 
digested with a restriction enzyme EcoRI (Takara) and ligated with a pGEX4T-3 (Pharmacia) which had been treated 
with BAP (Takara). The resultant cDNA fragment had the base sequence represented by Sequence ID No.3, and the 
amino acid sequence represented by Sequence ID No .4 was found to be encoded by the 74th to the 2092nd bases of 
this base sequence. This cDNA fragment was transfomied into an E.coli BL21 (FUNAKOSHI) using a ligation solution, 
whereby obtaining an Escherichia coli BL21/pPDE4D3 capable of expressing the phosphodiesterase 4D3 gene. 

(3) Expression of recombinant human brain-derived phosphodiesterase 4D3 in Escherichia coli and purifteation thereof 

[1351] Using the Escherichia coli BL21/pPDE4D3 obtained in Section (2) described above, a recombinant human 
brain-derived phosphodiesterase 4D3 was obtained. The expression and purification of E. coli were in accordance with 
the protocol attached to GST Gene Fusion System (Phannacia). As a result, 34 mg of an about 76 kOa recombinant 
human brain-derived phosphodiesterase 4D3 was obtained as a target substance from 1 L of the E. coli culture medium . 



(4) Assay of phosphodiesterase IV-inhibiting effect 



[1352] To a 96-well plate (OPT! plate, Packard), 10 jil of a buffer solution [0.5 M Tris-HCI (pH7.6), 83 mM MgClg, 
17mM EGTA], lOfil of the recombinant human brain-derived phosphodiesterase 4D3 (0.0034 mg/mL) obtained in 
Section (1 ) described above, 65 jil of Ultrapure water, 5 \i\ of an inhibitor sample and 1 0 p.! of pHJcAMP were added 
and reacted for 30 minutes at SO^'C. After completing the reaction, 50 \i\ of SPA beads solution [18 mg/ mL Yttrium 
silicate beads. 18mM ZnSOJ was added, allowed to stand at room temperature for about 20 minutes, and the radio- 
activity was counted using a scintillation counter (Topcount, Packard). The radioactivity observed in the presence of 
the recombinant human brain-derived phosphodiesterase 4D3 was 28245 cpm, which was in contrast with the control 
radioactivity (1020 cpm). This reaction underwent the inhibition of the phosphodiesterase activity in the presence of a 
phosphodiesterase IV inhibitor rolipram (BIOMOL Research Laboratories, Inc), and rolipram inhibited this enzymatte 
reaction by 50% at about 1 00 nM, This assay system was employed to detemiine the recombinant human brain-derived 
phosphodiesterase-inhibiting effect (IC50) of each inventive compound. The results are shown in Table 23. 



[Table 23] 



Example No. 


PDE IV-inhtoiting effect 
(IC50, nM) 


39 


19.4 


45 


9.36 


149 


40.1 


157 


82.0 


179 


124 


180 


123 
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rrab!e23] (continued) 



Example No. 


PDE IV-inhibiting effect 
(IC50, nM) 


263 


13.7 



Example 2 Inhibiting effect on antigen-induced bronchoconstriction in guinea pigs 
(1) Preparation of rabbit anti-ovalbumin (OA) serum 

[1353] A white rabbit (body weight: about 3 kg; New Zealand white: KITAYAMA LABES) was immunized by an intra- 
muscular administration of 1 .0 mL of an emufeion of 0.5 ml of a 10% OA (Grade I IF. SFgma) sofution and 0 5 mL of 

FreundConipleteAdjuvant(WAKO PURE CHEMICAL INDUSTRIES.LTD.).Thisprocedurewas conducted once every 
week repetitively 4 times in total. One week after the final immunization, the whole blood was sampled TTie blood 
sample was allowed to stand at room temperature for 1 hour or tonger. and then in a refrigeration room for a day On 
the following day. the serum fraction was Isolated and centrifuged (3000 rpm. 1 0 min.). and the supernatant was stored 
as an antiserum at -20'C. 



(2) Antigen-induced bronchoconstriction 

[1354] The bronchoconstriction was measured by a modified Konzett-Rossler method. Each male Hartley guinea 
pig weighing 400 to 500 g (NIPPON SLC, Shizuoka) was anesthetized with ether, treated intravenously with 1 0 mL 
of a 8- to 1 6-fold diluted anti-OA semm, and subjected to.an experiment after 1 6 to 24 houre. Under an anesthesia 
with urethane (1 2 g/kg ip) (Aldrich), a tracheal cannula was inserted, and gallamine triethiodide (1 mg^g iv) (Sigma) 
was administered to arrest the spontaneous respiration. The animal was ventilated artiffcially using an artificial respi- 
rator (Han/ard model 683) at 70 respirations/minutes, with each ventilation volume of 2 to 3 mL and initial load of 10 
cmHp. and the Intratracheal pressure was measured at the side aim of the tracheal cannula using a differential 
pressure type transducer. Mepyramine maleate (1 .0 mg/kg) (Sigma) and propranolol (1 .0 mg/kg) (Sigma) were admin- 
istered intravenously 2 minutes after the administration of gallamine triethiodide. and after further 2 minutes the OA 
antigen (1 .0 mgrtcg) was administered intravenously to induce the bronchoconstriction. 

[1355] A compound of Example was dissolved in 25% dimethylacetamide. 25% polyethylene glycol 400 and 50% 
physiotogical saline, and administered intravenously 5 minutes before the antigen challenge at a dose of 1 mg/kg 
Percentinhibition was cateulated based on the comparison with a control group (intravenous administration of amixture 
of 25^ dimethylacetamide. 25% polyethylene glycol 400 and 50% physiological saline). TTie % inhibition by each 
inventive compound is shown in Table 24. 



[Table 24] 



Example No. 


% inhibition in bronchoconstriction 


.. 39 


45 


45 


44 


149 


58 


157 


57 


179 


46 


180 


57 


263 


59 



INDUSTRIAL APPLICABILITY 



[1356] A furoisoquinoline derivative of the invention has an excellent phosphodiesterase (PDE) IV-inhibiting effect 
aiid IS useful as a prophylactic or therapeutic agent against an inflammation-induced disease, such as bronchial asthma' 
chronic obstructive pulmonary disease (CORD), rheumatoid arthritis, autoimmune disease and diabetes etc 
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SEQUENCE LISTING 
<110> Takeda Chemical Industries. Ltd. 

5 

* X120> Furoisoquinoline Derivatives, Their Production and Use 

* <130> 2701WO0P 
'» <i50> JP2000-087121 

<151> 2000H)3-23 
<I60> 4 

IS 

<210> I 
<2n> 24 
^ <212> DNA 

<213> Artificial Sequence 
<400> 1 

25 

ccacgatagc tgctcaaaca agag 24 
<2I0> 2 
30 <2ll> 24 

<2I2> DNA 

<213> Artificial Sequence 

35 

<400> 2 . 
atagaaaccc caagtccaat aaac 24 
40 <210> 3 

<21I> 2435 
<212> DMA 

45 

<213> Human 
<222> (74)... (2092) 
so <400> 3 

gaaltcatct gtaaaaatca ctacatgtaa cgtaggagac aagaaaaata ttaatgacag 60 
aagatctgcg aacatgatgc acgtgaataa ttttcccttt agaaggcatt cctggatatg 120 

55 

ttttgalgtg gacaat«gca catctgcggg acggagtccc ttggatccca tgaccagccc 180 
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aggatccggg ctaattctcc aagcaaaltt tgtccacagt caacgacggg agtccttcct 240 
gtatcgatcc gacagcgatt atgacctctc Ucaaagtct algtcccgga actcctccat 300 
tgccaglgal atacacggag atgactlgal tgtgactcca tttgctcagg tcttggccag 360 
'tclgcgaacl gtacgaaaca aclttgctgc attaactaal ttgcaagatc gagcacctag 420 
caaaagatca cccatgtgca accaaccatc catcaacaaa gccaccalaa cagaggaggc 480 
claccagaaa ctggccagcg agaccctgga ggagctggac tggtgtctgg accagctaga 540 
gaccctacag accaggcact ccgtcagtga gatggcctcc aacaagtUa aaaggalgct 600 
taatcgggag ctcacccatc tctctgaaat. gagtcggtct ggaaatcaag tgtcagagtt 660 
talatcaaac acattcttag alaagcaaca Igaagtggaa allcctlctc caactcagaa 720 
ggaaaaggag aaaaagaaaa gaccaatgtc tcagatcagt ggagtcaaga aattgatgca 780 
cagctctagt ctgactaalt caagtatccc aaggttlgga gttaaaactg aacaagaaga 840 
tglccttgcc aaggaactag aagatgtgaa caaatggggt cttcatgtlt tcagaatagc 900 
agagttgtct ggtaaccggc ccttgactgt tatcatgcac accatttttc aggaacggga 960 
matlaaaa.acattlaaaa Itccagtaga lacttlaatt acatatclU Igactctcga 1020 
agaccattac calgctgatg tggcctatca caacaatatc catgctgcag atgttgtcca 1080 
gtctactcat gtgctattat ctacacctgc tttggaggct gtgtttacag atttggagat 1140 
tcttgcagca atttttgcca gtgcaataca tgatgtagat catcctggtg tgtccaatca 1200 
atttctgatc aatacaaacl ctgaacttgc cttgalgtac aatgatlcct cagtcttaga 1260 
gaaccatcat ttggctgtgg gctttaaatt gcttcaggaa gaaaactgtg acattttcca 1320 
gaatttgacc aaaaaacaaa gacaatcttt aaggaaaatg gtcattgaca.tcgtacttgc 1380 
aacagatatg tcaaaacaca Igaatctact ggctgatttg aagactatgg tlgaaactaa 1440 
gaaagtgaca agclctggag Ucttcttct tgataattat tccgatagga tlcaggttct ISOO 
tcagaatatg gtgcaclglg cagatctgag caacccaaca aagcclctcc agctglaccg 1560 
ccagtggacg gaccggalaa tggaggagtt cttccgccaa ggagaccgag agagggaacg 1620 
tggcatggag ataagcccca Igtgtgacaa gcacaatgct tccgtggaaa aatcacaggl 1680 
gggcttcata gactalattg ttcatcccct ctgggagaca tgggcagacc tcgtccaccc 1740 
Igacgcccag gatattttgg acactttgga ggacaalcgt gaatggtacc agagcacaat 1800 
ccctcagagc ccctctcctg cacctgatga cccagaggag ^ccggcagg gtcaaactga 18(0 
gaaaitccag ittgaactaa cUlagagga agatggtgag tcagacacgg aaaaggacag 1920 
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tggcagtcaa gt'ggaagaag acactagctg cagtgactcc aagactcttt gtactcaaga 1980 
ctcagaglct attgaaattc ccctlgatga acaggttgaa gaggaggcag taggggaaga 2040 
agaggaaagc cagcctgaag cctgtgtcat agatgatcgt tctcclgaca cg(aacag(g 2100 
caaaaacttt catgcclttt ttttttttaa gtagaaaaat tgtttccaaa gtgcatglca 2160 
catgccacaa ccacgglcac acctcactgl catctgccag gacgtttgtt gaacaaaact 2220 
gaccttgact actcagtcca gcgctcagga atatcgtaac cagttttltc acctccalgl 2280 
tcatccgagc aaggtggaca tcttcacgaa cagcgttttt aacaagattt cagcttggta 2340 
gagctgacaa agcagataaa atctactcca aattattttc aagagagtgt gactcatcag 2400 
gcagcccaaa agtttatt^ acttggggtt tctat 2435 
<210> 4 
<211> 673 
<2I2> PRT 
<213> Hunan . 
<400> 4 

Met Met His Val Asn Asa Phe Pro Phe Arg Arg His Ser Trp He Cys 
I 5 10 15 

Phe Asp Yal Asp Asd Gly Thr Ser Ala Gly Arg Ser Pro Leu Asp Pro 

20 25 30 

Met Thr Ser Pro Gly Ser Gly Leu He Leu Gin Ala Asn Phe Val His 

35 40 45 

Ser Gin Arg Arg Glu Ser Phe Leu Tyr Arg Ser Asp Ser Asp Tyr Asp 

SO 55 60 

Leu Ser Pro Lys Ser Met 5er Arg Asn Ser Ser He Ala Ser Asp He 
65 70 75 80 

His Gly Asp Asp Leu He Val Thr Pro Phe Ala Gin Val Leu Ala Ser 

8S 90 95 

Leu Arg Thr Yal Arg Asn. Asn Phe Ala Ala Leu Thr Asn Leu Gin Asp 
100 105 110 
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Arg Ala Pro Ser Lys Arg Ser Pro Met Cys Asn Gin Pro Ser He Asn 
115 120 125 

J Lys Ala Thr He Thr Glu Glu Ala Tyr Gin Lys Leu Ala Ser GIo Thr 
130 135 140 

Leu Glu Gin Leu Asp Trp Cys Leu Asp Gin Leu Glu Thr Leu Gin Thr 
M*' HW-'^ m i=6fl.. 

Arg His Ser Val Ser Glu Met Ala Ser Asn Lys Phe Lys Arg Met Leu 

165 170 175 

Asn Arg Glu Leu Thr His Leu Ser Glu Met Ser Arg Ser Cly Asn Gin 

ISO 185 190 

Val Ser Glu Phe lie Ser Asn Thr Phe Leu Asp Lys Gin His Glu Val 

195 200 205 

Glu He Pro Ser Pro Thr Gin Lys Glu Lys Glu Lys Lys Lys Arg Pro 

210 215 220 

Mel Ser Gin He Ser Gly Yal Lys Lys Leu Met His Ser Ser Ser Leu 
225 230 235 240 

Thr Asn Ser Ser He Pro Arg Phe Gly Val Lys Thr Glu Gin Glu Asp 

245 250 255 • 

Val Leu Ala Lys Glu Leu Glu Asp Val Asn Lys Trp Gly Leu His Val 

260 265 270 

Phe Arg He Ala Glu Leu Ser Gly Asn Arg Pro Leu Thr Val He Met 

275 280 285 

His Thr He Phe Gin Glu Arg Asp Leu Leu Lys Thr Phe Lys He Pro 

290 295 300 

Val Asp Thr Leu He Thr Tyr Leu Met thr Leu Glu Asp His Tyr His 
305 310 315 320 

Ala Asp Val Ala Tyr His Asn Asn He His Ala Ala Asp Val Val Gin 
325 330 335 
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Ser Thr His Val Leu Leu Ser Thr.Pro Ala Leu Glu Ala Val Phe Thr 

340 345 350 

Asp Leu Glu He Leu Ala Ala He Phe Ala Ser Ala He His Asp Val 

355 360 365 

Asp His Pro Gly Val Ser Asn Gin Phe Leu lie Asn Thr Asn Ser Glu 

375- 38r 
Lea Ala Leu Met Tyr Asn Asp Ser Ser Yal Leu Glu Asa His His Leu 
385 390 395 400 

Ala Val Gly Phe Lys Leu Leu Gin Glu Glu Asn Cys Asp He Phe Gin 

405 410 415 

Asn Leu Thr Lys Lys Gin Arg Gin Ser Leu Arg Lys Met Val He Asp 

420 • 425 430 

He Val Leu Ala Thr Asp Met Ser Lys His Met Asn Leu Leu Ala Asp 

435 440 445 

Leu Lys Thr Met Val Glu Thr Lys Lys Val Thr Ser Ser Gly Val Leu 

450 455 460 

Leu Leu Asp Asn Tyr Ser Asp Arg He Gin Val Leu Gin Asn Met Val 
465 470 475 480 

His Cys Ala Asp Leu Ser Asn Pro Thr Lys Pro Leu Gin Leu Tyr Arg 

485 490 495 

Gin Trp Thr Asp Arg He Met Glu Glu Phe Phe Arg Gin Gly Asp Arg 

500 505 510 

Glu Arg Glu Arg Gly Met Glu lie Ser Pro Met Cys Asp Lys His Asn 

515 520 525 

Ala Ser Val Glu Lys Ser Gin Val Gly Phe He Asp Tyr He Val His 

530 535. 540 

Pro Leu Trp Glu Thr Trp Ala Asp Leu Val His Pro Asp Ala Gin Asp 
545 550 555 560 
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He Leu Asp Thr Leu Glu Asp Asn Arg Glu Trp Tyr Gin Ser Thr He 

565 570 575. 

?ro Gin Ser Pro Ser Pro Ala Pro Asp Asp Pro Glu Glu Gly Arg Gin 

580 585 590 

Gly Gin Thr Glu Lys Phe Gin Phe Glu Leu Thr Leu Glu Glu Asp Gly 

595 600 605 

Glu Ser Asp Thr Glu Lys Asp Ser Gly Ser Gin Val Glu Glu Asp Thr 

610 615 620 

Ser Cys Ser Asp Ser Lys Thr Leu Cys Thr Gin Asp Ser Glu Ser Thr 
625 630 635 640 

Glu He Pro Leu Asp Glu Gin Val Glu Glu Glu Ala Val Gly Glu Glu 

645 650 655 

Glu Glu Ser Gin Pro Glu Ala Cys Val He Asp Asp Arg Ser Pro Asp 
660 665 670 

Thr 



673 



Claims 



1 . A compound having a partial structure represented by Fomiula: 




or its salt 



I. The compound according to Claim 1 represented by Fomiula: 
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(wherein is a hydrogen atom, optionally substituted hydrocarbon group, optionally substituted heterocyclic group 
or optionally substituted amino group, 

each of R2 and R3 is a hydrogen atom, optionally substituted hydrocarbon group or acyl group, and R2 and 
R3 may be taken together with the adjacent carbon atom to forni an optionally substituted 3- to 8-membered ring, 

R* is a hydrogen atom, cyano group, optionally substituted hydrocarbon group, acyl group or optionally sub- 
stituted hydroxy group, 

R5 is (1 ) a hydrogen atom, (2) an optionally substituted hydrocarbon group, (3) an acyl group, (4) an optionally 
substituted heterocyclic group or (5) a halogen atom, 

each of RS and R7 is a hydrogen atom or optionally substituted hydrocarbon group, and R^ and R7 are taken 
together with the adjacent carbon atom to fomi an optionally substituted 3- to 8-membered ring, 

each of R8 and R^ is a hydrogen atom or optionally substituted hydrocarbon group, 

X is a bond, oxygen atom, optionally oxidized sulfur atom or optionally substituted nitrogen atom, 

Y is an optionally substituted methylene group or carbonyl group, 

andnisOtol). 

3. The compound according to Claim 2, wherein each of R2 and R3 is a hydrogen atom, optionally substituted hy- 
drocarbon group or acyl group, R2 and R^ are taken together with the adjacent cart>on atom to form an optionally 
substituted 3- to 8-membered homocyclic or heterocyclfc group, R* is a hydrogen atom or optionally substituted 
hydrocarbon group, each of R^ and R^ is a hydrogen atom or optionally substituted hydrocarbon group. R^ and 
R7 may be taken together with the adjacent carbon atom to fomn an optionally substituted 3- to 8-membered ho- 
mocyclic group, Y is methylene group whk:h may have a hydroxy group or carbonyl group. 

4. The compound according to Claim 2 wherein R^ Is any of the following (i) to (iii): 

(i) a Ci.6 alky! group, Cj-e alkenyl group, Cg^e alkynyl group, C^^ cydoalkyl group, cycloalkenyl group, 
^6-14 group or Cy.^s aralkyl group which may have 1 to 5 substituent{s) selected from the group (hereinafter 
referred to as Substituent Group A) consisting of (1) a halogen atom, (2) a C1.3 alkylenedioxy group, (3) a 
nitro group, (4) a cyano group. (5) an optionally halogenated C^^ alkyl group, (6) an optionally halogenated 
C2^ alkenyl group, (7) an optionally halogenated Cg^ alkynyl group. (8) a C^^ cycloalkyi group, (9) a C^.^^ 
aryl group, (10) an optionally halogenated C^^ alkoxy group, (11) an optionally halogenated C^^ alkylthio 
group, (12) a hydroxy group, (13) an amino group, (14) a mono-Ci^ alkylamino group, (15) a mono-C6.^4 
arylamino group, (1 6) a di-C,^ alkylamino group, (1 7) a di-Cg-u arylamino group, (1 8) an acyl group selected 
from fomiyl, carboxy, carbamoyl, C,^ alkylKiarbonyl, C3.6 cycloalkyl-carbonyK C^^ alkoxyorbonyL Cg-u aryl- 
carbonyl, C^.^g aralkyl-carbonyl, Cg.^4 arytoxy carbonyl, Cy.^g aralkyloxy-carbonyl, (5- or 6-membered hete- 
recycle having, In addition to carbon atoms, 1 to 3 heteroatom(s) selected from nitrogen, sulfur and oxygen 
atoms)-carbonyl, mono-C^.6 alkyl -carbamoyl. di-C^^ alky I -carbamoyl, Cg.^ aryl-carbamoyl, (5- or 6-mem- 
bered heterocycle having, in addition to carbon atoms, 1 to 3 heteroatom(s) selected from nitrogen, sulfur and 
oxygen atoms)-carbamoyl, C^^g alkyl-thiocarbonyl, C^^ cycloalkyl-thiocarbonyl, C,^ alkoxy-thiocarbonyl, 
<^6-i4 aryMhiocarbonyl, Cy.^g aralkyl-thiocarbonyl, Cq^^^ aryloxy-thiocarbonyl, Cy.ig aralkyloxy-thiocarbonyl, 
(5- or 6-membered heterocycle having, in addition to carbon atoms, 1 to 3 heteroatom(s) selected from nitro- 
gen, sulfur and oxygen atoms)-thiocart>onyl, thiocarbamoyl, mono-Ci^ alkyl-thiocarbambyl, di-C^^ alkyl-thi- 
ocarbamoyl. Cg.^^ aryl-thlocarbamoyi, (5- or 6-membered heterocycle having, in addition to carbon atoms, 1 
to 3 heteroatom(s) selected from nitrogen, sulfur and oxygen atoms)-thiocarbamoyl, mono-Ci^ alkylsulfamoyi, 
di-Ci_6 alkylsulfamoyi. Cg.^^ arylsulfamoyi, C^^ alkylsulfonyl. Cq.^^ arylsulfonyl. C^^ alkylsulfinyl, C6.^4 aryl- 
sulfinyl, sulfino. sulfo. C^^ alkoxysulfinyl. Cq.^^ aryloxysulfinyl, C^^ alkoxysutfonyl and C6.,4 aryloxysulfonyl, 
(19) an acylamino group selected from formylamino, C^^ alkyl-carboxamido. C^,^^ aryl-carboxamido. C^^ 
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alkoxy^rtjoxamido. C,^ alkylsulfonylamino and Ce.,4 arylsulfonylamino. (20) an acyloxy group selected from 
C,^ alkyl-carbonyloxy. C6.,4 aryl-carbonyloxy, C,^ alkoxy^onyloxy. mono-C,6 alkylKJarbamoyloxy 
d.-Ci ^ alkyl-carbamoyloxy. C^,^ aryl-carbamoyloxy and nicotinoyloxy, (21 ) a 4- to 1 4-membered heterocycfc 
group having, in addition to carton atoms. 1 to 4 heteroatom(s) selected from nitrogen, sulfur and oxygen 
atoms. (22) a phosphono group. (23) a Ce.,4 aryloxy group. (24) a di-C,^ alkoxy-phosphoryl group (25) a 
> ?tr,l* 9™"P: (26) a hydrazine group, (27) an imino group. (28) an 0x0 group, (29) an ureido group 

(30) a C,^ alkyl-ure.do group, (31) a dl-C,^-alkyl-ureido group, (32) an oxide group and (33) a group fomied 
by binding 2 or 3 groups selected from (1) to (32) listed above, * / a f 

(ii) a 5- to 1 4-membered heterocyclic group having, in addition to carbon atoms. 1 to 4 heteroatom(s) selected 
from nitrogen, sulfur and oxygen atoms which may have 1 to 5 substituent(s) selected from Substituent Group 
A descnDed above, ''^ 

(iii) 'an'ai™HorgroupwWcl»raar-hare'VioF2'sebstitaent(^ . 

(ia) a hydrogen atom, 

(iia) a C,.6 alkyi group. Cj^g alkenyl group. Cg^s alkynyl group. cycloalkyi group. C3, cycloalkenyl 
group. C6.,4 aiyl group or C-,.^^ aralkyi group whk* may have 1 to 5 substituent(s) selected from Substit- 
uent Group A described above. 

(iiia) an acyl group selected from fomiyl. catboxy, carbamoyl. C,^ alkyl-cartjonyl. Cg^cycloalkyl^rbonyl 
C,^alkoxy-carbonyl, Ce.^ aryl-carbonyl. C^.^g aralkyl-carbonyl. C^m aryloxy carbonyl. C, aralkyloxy- 
cartDonyl. (5- or 6-membered heterocycle having, in addition tocatbon atoms, 1 to 3 heteroatom(s) selected 
from nrtrogen sulfur and oxygen atoms)<^rbonyl, mono-C,^ alkyl-cart^amoyl, di-C, g alkyI carbamoyl 
C6.,4 aryl-carbamoyi, (5- or 6-menibered heterocycle having. In addition to carbon atoms 1 to 3 heter- 
oatom(s) selected from nitrogen, sulfur and oxygen atoms)^amoyl. C,^ alkyl-thiocart^nyl. cy- 
cloalkyl-thiocarbonyl. C,.^ alkoxy-thiocarbonyl. C^.^^ aryl-thfocarbonyl, Cy.,^ aralkyl-thiocarbonyl,% 
aryloxy-thiocarbonyl. C^.^^ aralkyloxy-thiocarbonyl. (5- or 6-membered heterocycle having, in addition s 
carbon atoms. 1 to 3 heteroatom(s) selected from nitrogen, sulfur and oxygen atoms)-thiocarbonyl thio- 
carbamoyl. mono-C^.^ alkyl-thioca*amoyl. di-C,^ alkyl-thiocarbamoyi, C^.,^ aryl-thiocarbamoyl. 5- or 
6-iT.embered heterocycle having, in addition to carbon atorr^, 1 to 3 heteraatom(s) selected from nitrogen 
sulfur and oxygen atoms)-thiocafbamoyl. mono^:,.^ alkylsulfamoyi, di-C,.^ alkylsulfamoyl, C.,^ arylsul- 
famoyl. C,^ alkylsulfonyl. C6.u arylsulfonyl. C,^ alkylsulfinyl. C^,^ arylsulfinyl. sulfino. sulfo. c7« alkox- 
)«ulfinjrt. C6.14 aiyloxysulfinyl. C,^ alkoxysulfonyl and C^.^ aryloxysulfonyl. whteh may have 1 to 5 sub- 
stituent(s) selected from Substituent Group A described above; 

each of R2 and R3 is any of the following (i) to (iii); 

(i) a hydrogen atom, 

(ii) a C,^ alkyI group, alkenyl group. alkynyl group. C3.6 cycloalkyi group, cycloalkenyl 
group^ C6.U aryl group or C^.^g arallqrl group which may have 1 to 5 substituent(s) selected from Substit- 
uent Group A described above. 

(iiO an acyl group selected from formyl, carboxy. carbamoyl. C,^ alkyl-carbonyl. C3 g cycloalkyl-carbonyl 
C,^alkoxy-carbonyl. Cg.^ aryl<arbonyl, C7.,6 aralkyl-caibonyl. Cg.^ aryloxy carbonyl, C, ,e aralkyloxy- 
carbonyl, (5- or 6-membered heterocycle having, in addition to carbon atoms, 1 to 3heteroatom(s) selected 
^om nitrogen, sulfur and oxygen atoms)-carbonyl. mono-C,^ alkyl-caibamoyi, di-C,.^ alkyl-caibamoyl. 

aryl-carbamoyi, (5- or 6-membered heterocycle having, in addition to carbon atoms 1 to 3 heter- 
oatom(s) selected from nitrogen, sulfur and oxygen atoms)-carbamoyl. C,^ alkyl-thiocarbonyl. C3. cy- 
ctoalkyl-thiocarbonyl, C,^ alkoxy-thiocarbonyl. C^,^ aryl-thiocarbonyl, c,.,6 aralkyl-thiocarbonyl.^gL 
aiyloxy-thiocarbonyl. C^.,^ aralkyloxy-thiocarbonyl, (5- or 6-membered heterocycle having, in additionto 
carbon atoms, 1 to 3 heteroatom(s) selected from nitrogen, sulfur and oxygen atoms)-thiocarbonyl thio- 
carbamoyl, mono-C,.6 alkyl-thiocarbamoyi, di-C,.6 alkyl-thiocaibamoyl. C^.^ aryl-thiocarbamoyl. (5- or 
6-membered heterocycle having, in addition to carbon atoms, 1 to 3 heteroatom(s) selected from nitrogen 
sulfur and oxygen atoms)-thioca,bamoyl. mono-C,.6 alkylsulfamoyl, di-C,^ alkylsulfamoyl, C.,. arylsul- 
famoyl, C,^ alkylsulfonyl. 0^,4 arylsulfonyl. C,^ alkylsulfinyl. C^.^ arylsulfinyl. sulfino. sulfo. C, . alkox- 
ysulfiny^, C6.,4 aryloxysulfinyl, C,^ alkoxysulfonyl and C6.,4 aryloxysulfonyl. which may have 1 toS sub- 
stituent(s) selected from Substituent Group A described above; 

R2 and R3 may be taken together with the adjacent carboii atom to form a Cg » cycloalkane or 3- to 
8-membered heterocyclw ring which may have 1 to 3 substituent(s) selected from a 0,^6 alkyI C... aryl 
C7^,6 aralkyi, ammo, mono-C,.6 alkylamino. mono-C6.,4 arylamino. di-C,^ alkylamino, di-Co « arylamino 
and 4- to 1 0-membered aromatic heterocyclic group; 
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R \s (I) a hydrogen atom, (ii) a cyano group, (iii) a C^^ alkyi group. Cg^ alkenyl group, C2 q alkynyl 
group. C3.6 cycloalkyj group. C^^ cycloalkenyl group, Ce-u aryl group or C^.^q aralkyi group which may 
have 1 to 5 substituent(s) selected from Substituent Group A described above, 

(iv) an acyl group selected from formyl. carboxy. carbamoyl. C^^ alkyl-carbonyl! C3 g cydoalkyl^jarbonyl 
C,^ alkoxy-carbonyl. C^,^ aryl-carbonyl. C^.^g aralkyl-carbonyl, C^,^ aryloxy-carbonyl. C7 aralkyloxy ' 

^ carbonyi, (5- or 6-membered heterocycle having, in addition to carbon atoms, 1 to 3 heteroatom(s) selected 
from nitrogen, sulfur and oxygen atoms)-carbonyl, mono-C^^ alkyl-carbamoyi, di-C^^ alkyl-carbamoyl. 
C6,i4 aryl-carbamoyi, (5- or 6-membered heterocycle having, in addition to carbon atoms, 1 to 3 heter- 
oatom{s) selected from nitrogen, sulfur and oxygen atoms)K:arbamoyl, C^^ alkyMhiocait'onyl Co^ cy- 
cloalkyl-thiocarbonyl, C.^g alkoxy-thiocarbonyl. Cq^^^ aryl-thiocarbonyl, Cj^^^ arafkyl-thiocarbonyl. Cg 
aryloxy-thiocarbonyl, aralkyloxy-thiocarbonyl. (5- or 6-membered heterocycle having, in addition to 
carbon=«toms«/1^^ta^3heteroat<Mii(s)»s€lecte4ff©m^ 

carbamoyl, mono-C^.6 alkyl-thiocarbamoyi, di-C^^ alkyl-thiocarbamoyi, C^^^ aryl-thiocarbamoyl (5- or 
6-membered heterocycle having, in addition to carbon atoms, 1 to 3 heteroatom(s) selected from nitrogen 
sulfur and oxygen atoms)-thiocarbamoyl, mono-C^^ alkylsulfamoyi, dl-Ci^ alkylsulfamoyi, Cg.^^ arylsul- 
famoyl, C^^ alkylsulfonyl. Cg.^^ arylsulfonyl. C^^ alkylsulfinyl. C6.u arylsulfinyl, sulfino. sulfo, C^^ alkox- 
ysufflnyl. Cg.^^ aryloxysulfinyl, C^^ alkoxysulfonyl and C^^^ aryloxysulfonyl, which may have 1 to 5 sub- 
stltuent{s) selected from Substituent Group A described above, or, 

(v) a group represented by Formula: -OR^ 
(R^^ is <1 > a hydrogen atom, 

<2> a C^^ alkyI group, alkenyl group. Cg^ alkynyl group. €3^ cycloalkyi group, €3^ cycloalkenyl 
group. aryl group or Cj,^^ aralkyi group whfch may have 1 to 5 substltuent(s) selected from Substit- 
uent Group A described above, or, 

<3> an acyl group selected from formyl. carboxy. carbamoyl, C^^ alkyl-carbonyl, Cg^ cycloalkyl^rbonyl. 

alkoxyKjarbonyl, Cg-u aryl-carbonyl. Cj.,q aralkylKjarbonyl, Cg-u aryloxy-carbonyl, Oj,^^ aralkyloxy- 
carbonyi, (5- or 6-membered heterocycle having, in addition to carbon atoms, 1 to 3 heteroatom(s) selected 
from nitojgen, sulfur and oxygen atoms)-carbonyl, mono-Ci^ alkyl-carbamoyi, di-C^.g alkyl-carbamoyl, 
^6-14 aryl-carbamoyi. (5- or 6-membered heterocycle having, in addition to carbon atoms, 1 to 3 heter- 
oatom(s) selected from nitrogen, sulfur and oxygen atoms)-carbamoyl. C^^ alkyl-thiocarbonyl, cy- 
cloalkyl-thiocarbonyl. 0^^ alkoxy-thiocarbonyl, Cg.^^ aryl-thiocarbonyl, Cy.^g aralkyl-thiocarbonyl, Cg 
aryloxy-thiocarbonyl. Cj,^^ aralkyloxy-thiocarbonyl. (5- or 6-membered heterocycle having, in addition to 
carbon atoms, 1 to 3 heteroatom(s) selected from nitrogen, sulfur and oxygen atoms)-thiocarbbnyl, thio- 
carbamoyl, mono-C^^ alkyl-thiocarbamoyi, di-C^^ alkyl-thiocarbamoyi, 06.^4 aryl-thiocarbamoyl. (5- or 
6-membered heterocycle having, in addition to carbon atoms, 1 to 3 heteroatom(s) selected from nitrogen 
sulfur and oxygen atoms)-thiocarbamoyl, mono-C^^g alkylsulfamoyi. di-C^^ alkylsulfamoyi. 06.^4 arylsul- 
famoyl. 0^^ alkylsulfonyl, C6.^4 arylsulfonyl, C^^ alkylsulfinyl, Cg.^^ arylsulfinyl. sulfiho, sulfo, C^^ alkox- 
ysulfinyl. 66,14 aryloxysulfinyl, C^^g alkoxysulfonyl and Cg.^4 aryloxysulfonyl. which may have 1 to 5 sub- 
stltuent(s) selected from Substituent Group A described above); 

R5 is any of the following (i) to (v): 

(i) a hydrogen atom, 

(ii) a alkyI group, C2.g alkenyl group. alkynyl group, cycloalkyi group, €3^ cycloalkenyl group. 
^6-14 ao^' group or Cy.^g aralkyi group which may have 1 to 5 substituent(s) selected from Substituent Group 
A described above, 

(liO an acyl group selected from fomiyl. carboxy, carbamoyl, C^^ alkyl-carbonyl. C^^ cycloaikyl-carbonyl, C^^ 
alkoxy-carbonyl, 06.^4 aryl-carbonyl, C^.^g aralkyl-carbonyl, Cg.^^ aryloxy carbonyi. C^.^g aralkyloxy-carbonyl. 
(5- or 6-membered heterocycle having, in addition to carbon atoms, 1 to 3 heteroatom(s) selected from nitro- 
gen, sulfur and oxygen atoms)^arbonyl, mono-Ci^ alkyl-carbamoyl. di-Ci^ alkylK:arbamoyl, Cg.^ aryl^ar- 
bamoyl. (5- or 6-membered heterocycle having, in addition to carbon atoms, 1 to 3 heteroatom(s) selected 
from nitrogen, sulfur and oxygen atoms)-carbamoyl. C^^ alkyl-thiocarbonyl, 63^ cycloalkyi -thiocarbonyl. g 
alkoxy-throcarbonyl, Cg.^^ aryl-thiocarbonyl. C^.^^ araikyl-thiocarbonyl. Cg.^^ aryloxy-thiocarbonyl. Cj 'g ar- 
alkyloxy-thiocarbonyl, (5- or 6-membered heterocycle having, in addition to carbon atoms, 1 to 3 heteroatom 
(s) selected from nitrogen, sulfur and oxygen atoms) -thiocarbonyl. thiocarbamoyl. mono-C^^ alkyl4hiocar- 
bamoyl, di^^^ alkyl-thiocarbamoyl. Cg,^^ aryl-thiocarbamoyl. (5- or 6-membered heterocycle having in ad- 
dition to carbon atoms. 1 to 3 heteroatom(s) selected from nrtrogen. sulfur and oxygen atoms) -thiocarbamoyl 
mono<:,^ alkylsulfamoyi, dl-C^^ alkylsulfamoyi, C^^^ arylsulfamoyl. C^^ alkylsulfonyl. 06.^4 arylsulfonyl C. . 
alkylsulfinyl. 06.^4 arylsulfinyl. sulfino. sulfo. C^^ alkoxysulfinyl. C6.,4 aryloxysulfinyl. C^^ alkoxysulfonyl and 
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C6.14 aryloxysulfonyl, which may have 1 to 5 substituent(s) selected from Substituent Group A described 
above, 

(iv) a 5- to 14-membered heterocyclic ring containing 1 to 4 heteroatom(s) selected from nitrogen sulfur and 
oxygen atoms in addition to carbon atoms which may contain 1 to 5 substituent(s) selected from Substituent 
Group A described above, 
~^ , (v) a halogen atom; 

^ch of R6 and is (i) a hydrogen atom, (ii) a C,^ alkyi group, C2.6 alkenyl group, C^^ alkynyl group, C- c 
cycloalkyi group. C3.6 cycloalkenyl group, C^,^ aryl group or C^.^g aralkyi group which may have 1 to 5 substituent 
(s) selected from Substituent Group A described above, 

R6 and R7 may be taken together with the adjacent carbon atom to fonn a cycloalkane or 3- to 8-mem- 
bered heterocyclic nngwhich^marhave-1^. to- a^substittient(s^ selected-ftDm-6^.6 alkylj G^.-, aryl O, aralkyi- 
amino. mono-Ci^ alkylamino, mono-Cg-u arylamino. dl-C,^ alkylamino, di-Cg-u aiylamino and 4- to 10-mem- 
bered aromatic heterocyclic group; 

each of R8 and R9 is (i) a hydrogen atom, (ii) a C,.6 alkyI group, c^^ alkenyl group, C,^ alkynyl group. C-« 
cycloalkyi group. cycloalkenyl group. C6.,4 aryl group or Cj.,^ aralkyi group which may have 1 to 5 substitu^irt 
(s) selected from Substituent Group A described above; 

X is (0 a bond, (ii) an oxygen atom, (HQ an optionally oxidized sulfur atom, (Iv) a C^^ alkyI group alkenyl 
group, alkynyl group, Cg^ cycloalkyi group, cycloalkenyl group, C^.,^ aryl group or C, « aralkyi group 
which may have 1 to 5 substituent(s) selected from Substituent Group A described above 
(V) a nitrogen atom having an acyl group selected from fomiyl, carboxy. cartsamoyl. C, g alkyl-cartjonyl C, . cy- 
cloalkyl^art^onyl, C,^ alkoxyKarbonyl. C6.u aryKarbonyl, O,.,, aralkyl-carbonyl. C^,^ aryloxy cartx>nyl. C, I 
aralkyloxy-carbonyl, (5- or 6-membered heterocycle having, in addition to cartjon atoms, 1 to 3 heteroatomfs) 
selected from nitrogen, sulfur and oxygen atoms)H:arbonyl. mono-Ci.6 alkyl-carbamoyl. di-C, - alkyl-caibamoyi 
C6.,4 aryl-cartjamoyl. (5- or 6-membered heterocycle having, in addition to carton atoms. 1 to 3 h6teroatom(8) 
selected from nitrogen, sulfur and oxygen atoms)^rbamoyl. C,^ alkyl-thiocarbonyl, cydoalkyl-thiocartsonyf 
C,^ alkoxy-thiocaibonyl, Cg.^ aiyl-thiocartwnyl. C^.^g aralkyl-thiocaibonyl. C6.,4 aryloxy-thiocarbonyl, C, ar- 
alkyloxy-thiocaitoonyl, (5- or 6-membered heterocycle having, in addition to carbon atoms 1 to 3 heteroatom(s) 
selected from nitrogen, sulfur and oxygen atoms)-thiocarbonyl. thiocarbamoyi, mono-C, g alkyl-thiocarbamoyi 
di-Ci^alkyl-thiocarbamoyl. C6.i4aryl-thiocartjamoyl, (5- or 6-membered heterocycle having, in addition to carbori 
atoms 1 to 3 heteroatom(s) selected from nitrogen, sulfur and oxygen atoms)-thiocarbamoyl. mono-C, ^ alkylsul- 
famoyL di-C,^alkylsulfamoyl. C^,^ aiylsulfamoyl. C,^ alkylsulfonyl, C^,^ aiylsutfonyl. C,^ alkylsuBinyl. C.,^ 
aiylsulfmyl, sulfino. sulfo. C,^ alkoxysulfinyl, C^,^ aryloxysulfinyl, C,.6 alkoxysulfonyl and u aryloxysulfonyl 
which may have 1 to 5 substituent(s) selected from Substituent Group A described above, or, ' 
(vi) a 5- to 14-membered heterocyclic group containing 1 to 4 heteroatom(s) selected from nitrogen sulfur and 
oxygen atoms in addition to caiton atoms whch may contain 1 to 5 substituent(s) selected from SubstiUient Group 
A described above; 

Y is <1 > a methylene group which may have substituent(s) selected from Substituent Group A descrtoed 
above or <2> a cart>onyl group; 
nisOorl. 



5. The compound according to Claim 2 or3, wherein Ri is (1) an optionally substituted aromatic hydrocarbon group 
(2) an optionally substituted heterocyclic group. (3) an optionally substituted alicyclic hydrocaifcon group or (4) a 
group represented by Fomiula: -L-R^awherein L is methylene, caibonyloran optionally substituted nitrogen atom 
R « IS a hydrogen atom, opttonally substituted aromatic group, optionally substituted hydroxy group or optional^ 
substituted amino group. 'at- r j 

6. The compound according to Claim 5. wherein R^ is any of the following (i) to (iv). 

(0 a C6.U aryl group which may have 1 to 5 substituent(s) selected from Substituent Group A described above 
(II) a 5- to 1 4-membered heterocyclfc group containing 1 to 4 heteroatom(s) selected from nitrogen, sulfur and 
oxygen atoms in addition to carbon atoms which may contain 1 to 5 substituent(s) selected from Substituent 
Group A described above, 

(iii) a cycloalkyi group which may have 1 to 5 substituent(s) selected from Substituent Group A described 
above, 

(iv) a group represented by Fomiula: -L-Ri" wherein L is (a) a methylene, (b) a carbonyl or (c) a nitrogen atom 
which may be substituted by the following (ia) to (ilia): 
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(ia) a hydrogen atom, 

(iia) a C^^ alkyl group. Cg^ alkenyt group. C2-6 alkynyl group. cycloalkyi group. cycloalkenyl 
group, aryl group or Cy.^g aralkyi group which may have 1 to 5 substituent(s) selected from Substit- 
uent Group A described above, 

(iila) an acyl group selected from fomiyl, carboxy, cafbamoyl. C^^ alkyl-carbonyl, C^q cycloalkyl-cartonyl, 
- ^ C^^ alkoxy-carbonyl, C^.^^ aryl-carbonyl, Cj.^q aralkylncarbonyl, C6_u aryloxy-carbonyl, Cy.^g aralkyloxy- 
carbonyl, (5- or6-membered heterocycle having, in addition to carbon atoms, 1 to 3heteroatom(s) selected 
from nitrogen, sulfur and oxygen atoms)-caibonyL mono-C^^ alkyl-carbamoyl, di-C^^ alky {-carbamoyl. 
^6^14 aiyl-carbamoyi, (5- or 6-membered heterocycle having, in addition to cart>on atoms, 1 to 3 hater- 
oatom(s) selected from nitrogen, sulfur and oxygen atoms)-cafbamoyl, C^^ alkyl-thiocarbonyl, cy- 
cloalkyl-thiocarbonyl, C^^ alkoxy-thiocarbonyl, 05.^4 aryl-thiocarbonyl, Cy.^g aralkykhiocarbonyl, Cq.^^ 
aiyloxy^htocarboivyl' aFalkyloxy-thioeaftonylj^5^oF6H?iembered'fiet^ 

carbon atoms, 1 to 3 heteroatom(s) selected from nitrogen, sulfur and oxygen atoms)-thiocafbonyl, thlo- 
carbamoyl, mono-C^^ alkyl-thiocarbamoyi, di-C^^ alkyl-thiocarbamoyl, C^,^^ aryl-thiocatbamoyl. (5- or 
6-membered heterocycle having, in addition to cartxjn atoms, 1 to 3 heteroatom(s) selected from nitrogen, 
sulfur and oxygen atoms)-thiocarbamoyl, mono-C^^ alkylsulfamoyi, dl-C^^ alkylsulfamoyi, C^.^^ arylsul- 
famoyl, C^^ alkylsulfonyl, Cg.^^ arylsulfonyl, C^^ alkylsulfinyl. Cg.^^ arylsulfinyl, sulfino, sulfo, C^^ alkox- 
ysulfinyl, C^^^ aryloxysulfinyl, C^^ alkoxysulfonyl and 05.^4 aryloxysulfonyl, which may have 1 to 5 sub- 
stituent(s) selected from Substituent Group A described above, 

R^a is (i) a hydrogen atom, 

(ii) <1>aCe.i4aryl group or<2>a5-to 14-membered aromatic heterocyclic group containing 1 to 4 heteroatom 
(s) selected from 1 or 2 kind(s) of nitrogen, sulfur and oxygen atoms in addition to carbon atoms, both of whfch 
may contain 1 to 5 substltuent(s) selected from Substituent Group A described above, 

(iii) a hydroxy group which may have C^^ alkyl group, Cg^ alkenyl group, Cg^ alkynyl group, €3^ cycloalkyi 
group, cycloalkenyl group, Cq.^^ aryl group or Cy.^e aralkyi group which may have 1 to 6 substituent{s) 
selected from Substituent Group A described above, 

(iv) an amino group which may be substituted by the following (ia) to (liia): 

(ia) a hydrogen atom, (iia) a C^^ alkyl group. C2.6 alkenyl group. Cg^ alkynyl group. cycloalkyi group. 
Cs^ cycloalkenyl group. C6.^4 aryl group or Cj.^q aralkyi group whrch may have 1 to 5 substituent(s) 
selected from Substituent Group A described above, 

(ilia) an acyl group selected from fonmyl, carboxy, carbamoyl. C^^ alkyl-cart^onyl, C^^ cycloalkyl-carbonyl, 
C^^ alkoxy-carbonyl, C^^^ aryl-carbonyl, Cy.^g aralkyl-carbonyl, Cg^^ aryloxy-carbonyl, Cy.^g aralkyloxy- 
carbonyl, (5- or 6-membered heterocycle having, in addition to carbon atoms, 1 to 3 heteroatom(s) selected 
from nitrogen, sulfur and oxygen atoms)-carbonyL mono-C^^ alkyl-carbamoyl, di-C^^ alkyl-cart^amoyl, 
^6 u aryl-carbamoyi, (5- or 6-membered heterocycle having, in addition to carbon atoms, 1 to 3 heter- 
oatom(s) selected from nitrogen, sulfur and oxygen atoms)-cart)amoyl, C^^ alkylthiocarbonyl, C^^ cy- 
cloalkyl-thiocarbonyl, C^^ alkoxy-thiocarbonyl, Ce.14 aryl-thiocartonyl, Cy.^g aralkyl-thiocarbonyl, Cg^u 
aryloxy-thiocartDonyl, Cy.^g aralkyloxy-thiocartoonyl, (5- or 6-membered heterocycle having, in addition to 
carbon atoms, 1 to 3 heteroatom(s) selected from nitrogen, sulfur and oxygen atoms)-thiocarbonyl, thio- 
carbamoyl, mono-C^^ alkyl-thiocarbamoyl, di-C^^ alkyl-thiocarbamoyl, C6.^4 aryl-thiocarbamoyi, (5- or 
6-membered heterocycle having, in addition to carbon atoms, 1 to 3 heteroatom(s) selected from nitrogen, 
sulfur and oxygen atoms)-ihlocarbamoyl, mono-C^^ alkylsulfamoyi, (i\-C^.Q alkylsulfamoyi, C^.^^ arylsul- 
famoyl, C^^ alkylsulfonyl, Cq,^^ arylsulfonyl. C^^ alkylsulfinyl, Cq^^^ arylsulfinyl, sulfino. sulfo, C^^ alkox- 
ysulfinyl, C^.^^ aryloxysulfinyl, C^^ alkoxysulfonyl and 05,^4 aryloxysulfonyl. 

The compound according to Claim 2 wherein is a group represented by Formula: 




(wherein R^^ is a hydrogen atom or an optionally substituted hydrocarbon group or optionally substituted hetero- 
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cyclic group, Ring D is an optionally substituted aromatic hydrocarbon ring or optionally substituted heterocyclic 
group. E IS a bond, methylene, oxygen atom, optionally oxidized sulfur atom, optionally substituted nitrogen atom 
or a group represented by Fomiula: -CS-0-. -C0-0-. -S CO-. -(CH2),-C0- -NRic^O-(CH,) - -NRic. 
S02-(Ch^) -S02-NRlC-(CHj)„-. -0-CS-NRiC.(CH2)^-. -NRtC-cO-NRi^CH^L-. -NRtc.co-(Sj -NRiC 
..wherein R1C B ahydrogen atom, optionally substituted alkyI group or acyl group, kiso or 1 . m is an intege^^^ 

The compound according to Claim 7 wherein Rib is (0 a C,^ alkyI group. C^^ alkenyl group. C^^ alkynyl group 
C3^ q^doalM group Ca^ cydoalkenyl group. Cg.^ aryl group or C^..^ aralkyi group which may have 1 to 5 
substituent(s) selected from Substituent Group A described above, or. 

(Ii) a 5- to 14-membered heterocydic group containing 1 to 4 heteroktom(s) selected from nitrogen, sulfur and 
oxygen atoms in addition to carbon atoms whfch nnay contain 1 to 5 substituent(s) seleded from Substituent Group 
A'descnbed above? 

Ring D is (i) a Cg-u aiyl ring whfch may have 1 to 5 substituent(s) selected from Substituent Group A described 
above or (ii) a 5- to 14-membered heterocydfc ring containing 1 to 4 heteroatom(s) selected from nitrogen, sulfur 
and oxygen atoms in addition to carbon atoms whfch may contain 1 to 5 substituent(s) selected from Substituent 
Group A described above; 

E Is any of the following (i) to (viii): 

(i) a bond, (iO methylene, (iii) an oxygen atom, (iv) an optionally oxidized sulfur atom. 
(V) a C,^ alkyI group. C2.6 alkenyl group. Cj^ alkynyl group, Cg^ cydoalkyi group. cydoalkenyl group 
C6-14 afyl group or Oj.^g aralkyi group whfch may have 1 to 5 substituent(s) seleded from Substituent Gtoud 
A descnbed above, 

(vO a nitrogen atom having an acyl group selected from foimyl, carboxy, carbamoyl, 0. . alkyl-carbonyl C« 
cycloalkyj-carbonyl, C,^ alkoxy-carbonyl, C^,^ aryln^arbonyl, C,.,^ aralkyl-caibonyl, C^.^ aryloxyH^ition?^ 
C7.,g aralkyloxy^rbonyl, (5- or 6-membered heterocycle having, in addition to carbon atoms 1 to 3 heter- 

oatom(s)selected from nitrogen, sulfurandoxygenatoms)-carbonyl,mono-C,^alkylKarbamoyl.di-C,.alkyl- 
caibamoyl, C6.,4 anrl^^rbamoyl, (5- or 6-membered heterocycle having, in addition to carbon atoms, 1 to 3 
heteroatom(s) selected from nitrogen, sulfur and oxygen atoms)-cartoamoyl. C, . alkylthiocarbonyl C^« cy- 
doal^l-thiocarbonyl. C,^ alkoxy-thiocarbonyl. Cg.,, ao^l-thiocarbonyl, C,.,^ aralkyl-thiocarbonyl. L ,t ary- 
loxy-thiocarbonyl, C^.^g aralkyloxy-thiocarbonyl. (5- or 6-membered heterocyde having, in addition to caibon 
atoms. 1 to 3 heteroatom(s) selected from nitrogen, sulfur and oxygen atomsHhiocarbonyl, thiocarbamoyi 
mono-Ci^ alkyl-thiocarbamoyl. di-C,^ alkyl-thiocarbamoyl. Cg.^ aryl-thiocarbamoyi, (5- or 6-membered het- 
erocycle having, in additfon to carbon atoms, 1 to 3 heteroatom(s) selected from nitrogen, sulfur and oxygen 
atonris)-thiocarbamoyl, mono-C,^ alkylsulfamoyi, di-C,^ alkylsulfamoyi, C^.^ arylsulfamoyi, C, , alkylsulfo- 
ny , C^u arylsulfonyl. C,^ alkylsulfinyl. C^^^ arylsulfinyl, sulfino, sulfo. C,^ alkoxysulfinyl, 0^ aryloxysulfi- 
nyl.C,^alkoxysulfonylandC6.,4aryloxysulfonyl, ' ^ ^ 

(vii) a nitrogen atom having a 5- to 14-membered heterocydic group containing 1 to 4 heteroatom(s) selected 
from nitrogen, sulfur and oxygen atoms in addition to carbon atoms whfch may contain 1 to 5 substituent(s) 
seleded from Substituent Group A described above; 

^"^^f^'^.'n ■(C'^2)k-CO-. -NRic.C0-{CH2)„-, -NRic.so2-(CH2)„-, -SCU-NR1C-(CH,) - 

-0-CS-NR.C (CH2)„-, -NRiC-cO-NRtc.{CH2)„-or-NRic.co-(CH2)„-NRicfi,2rn Ric -^c^)^ hydr^g^n 
atom, (iia) a C,^ alkyl group whfch may have 1 to 5 substituent(s) selected from Substituent Group A described 
. above, or, 

-(iiia) an acyl group selected from fomiyl, carboxy, cartjamoyl. C,^ alkyl-carbonyl, cydoalkyl-carbonyl 
C1.6 alkoxy-carbonyl, C6.,4 aryl-carbonyl, C7.16 aralkyKarbonyl, Cg.^ aryloxy-carbonyl, C7 aralkyloxy-car- 
bonyl, (5- or 6-membered heterocyde having, in addition to carbon atoms, 1 to 3 heteroatom(s) selected from 
nitrogen, sulfur and oxygen atoms)-carbonyl, mono-C,^ alkyl-caibamoyi, di-C,^ alkyl-carbamoy), C. aryl- 
carbamoyl, (5- or 6-membered heterocycle having, in addition tocartDon atoms, 1 to 3 heteroatom(s) seleded 
from nitrogen, sulfur and oxygen atoms)-cart3amoyl, 0,^ alkyl-thiocarbonyl, C„ cydoalkyl-thiocaibonyl, C, . 
a koxy-thiocarbonyl, C^^ aryl-thiocart^onyl. Oy.,^ aralkyl-thiocarbonyl. Cg.^ aiyloxy-thiocarbonyl, C, a^- 
alkyloxy-thiocart)ony), (5- or 6-nf«mbered heterocyde having, in addition to carbon atoms, 1 to 3 heteroatom 
(s) seleded from nitrogen, sulfur and oxygen atoms)-thiocarbonyl, thiocarbamoyi, mono-C. „ alkyl-thiocar- 
bamoyl, (h-C,^ alkyl-thiocarbamoyl, Cg.^^ aryl-thiocarbamoyi, (5- or 6-membered heterocycle having in ad- 
dition to carbon atoms, 1 to 3 heteroatom(s) selected from nitrogen, sulfur and oxygen atoms)-thiocarbamoyl 
n»no-C,^alky1suIfamoyl,di-C,^alkylsulfamoyl,C6.uarylsulfamoyl,C,^aiM^ 

alkylsulfinyl, C^.^^ arylsulfinyl, sulfino, sulfo, C,^ alkoxysulfinyl. C6.,4 aryloxysulfinyl. C,^ alkoxysulfonyl and 
C6.„ aryloxysulfonyl. whfch may have 1 to 5 substituent(s) seleded from Substituent Group A described 
above; 
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k is 0 or 1 , m is an Integer of 0 to 3). 

9. The compound according to Claim 7. wherein R^** is; 

(1) a alkyi group [this C^^ alkyi group may have a substituent selected from a halogen atom, cyano, 
x hydroxy. 0^,^ alkoxy-carbonyl. di-C^^ alkylamino, optionally halogenated C^^ alkyl-carbonyl-amino. cart)oxy, 

.'carbamoyl, C^^ alkyf-carbamoyi, C^.q alkyl-carbonyloxy, C^.g alkoxy-carbonyl-Ci^ alkyl-carbamoyl, (5- to 
6-membered heterocyclic ring containing 1 to 3 heteroatom(s) selected from nitrogen, sulfur and oxygen atoms 
in addition to carbon atoms)-Ci^ alkyl-carbamoyl. C,^ alkylthio. C^^ alkylsulfinyl, C^^ alkylsulfonylamino, (5- 
to 6-membered heterocyclic ring containing 1 to 3 heteroatom(s) selected from nitrogen, sulfur and oxygen 
atoms in addition to carbon atoms)-C^^ alkylcarbamoyi, (5- to 6-membered heterocyclic ring containing 1 to 
»^heteroatom(s> selected fron^nitrogen', sulf«randt>^^ 

moyi-C6.,4 aryl, carboxy-C6.i4 aryl. C,^ alkoxy-carbonyl-C6.^4 a^VK caibamoyl-Cg.^^ aryl, C^^ alkyl-car- 
bamoyl-C6.i4 aryl whteh may have a hydroxy and (4- to 10-membered heterocyclk: ring containing 1 to 3 
heteroatomjs) selected from nitrogen, sulfur and oxygen atoms In addition to carbon atoms)-carbamoyI-C6.^4 
aryl], 

(2) a cycloalkyi group, 

(3) a C6.14 aryl group [this Cq,^^ a^l group may have a substituent selected from C^^ alkoxy. amino, carboxy, 
optionally halogenated C^^ all^l-carbonylamino, C^^ alkoxy-carbonylamino, fonmylamino, ureWo, C^^ alkyl- 
sulfonylamino, {C^^q alkyl)(Ci^ alkylsulfonyl) amino, C^^ alkoxyK:arbonyl-Ci^ alkylamino, optionally C^^ 
alkyl-esterified phosphono-C^.6 alkylamino, mono- or di-C^Le alkyl-carbamoyl and Cy.^g aralkyloxy-carbon- 
ylamino] or, 

(4) a 5- to 1 4-membered heterocyclic group containing 1 to 4 heteroatom(s) selected from nitrogen, sulfur and 
oxygen atoms in addition to carbon atoms [this heterocyclk: group may be substituted by 1 or 2 substituent(s) 
selected from a halogen atom, C,^ alkyi, carboxy-C^^ alkyi, C,^ alkyl-carbonyloxy-Ci^ ^'ky'. ^^-e alkoxy- 
carbonyl, C^^ alkoxy-carbonyl-Ci^ alkyi, C^^ alkyl-carbamoyl-C^^ alkyl, carbamoyl, oxo and 4- to 10-mem- 
bered heterocyclic group containing 1 to 3 heteroatom(s) selected from nitrogen, sulfur and oxygen atoms in 
addition to carbon atoms]; 

Ring D is (i) a C6.14 aryl ring or (ii) a 5- to 14-membered heterocyclic ring containing 1 to 4 heteroatom(s) 
selected from nitrogen, sulfur and oxygen atoms in addition to carbon atoms; 

E is (1) a bond, (ii) methylene, (iii) O, (iv) S, (v) SO, (vi) SO2, (vii) -NH-. (viii) -N(C^.e alky')". («) 'N(Ci^ alkyl- 
carbonyl)-, (x) -N(Ci^ alkoxy-carbonyl)-. (xi) -N{C^^ alkyl-sulfonyl)-, (xii)-CO-0-, (xiii)-S-CO-, (xiv) a group repre- 
sented by Fonnula: -(CHgVCO wherein k is 0 or 1 , (xv) -NR*-CO-(CH2)^i - wherein is a hydrogen atom or C^^ 
aikoxy-carbonyl or C^^ alkyl group which may be substituted by a heterocyclic group containing 1 to 3 heteroatom 
(s) selected from nitrogen, oxygen, sulfur atoms and the like in addition to carbon atoms, and ml is an integer of 
0 to 3. 

(xvi) a group represented by Formula -NR9-S02-{CH2)m2- wherein R9 Is a hydrogen atom or C^^ alkyl-sulfonyl 
group and m2 is 0, 

(xvii) a group represented by Formula -S02-NRh-(CH2)m3- wherein R** Is a hydrogen atom or C^^ alkyl group and 
m3 is 0 or 1 , 

(xviii) a group represented by Fonnula -0-CS-NR'-(CH2)m4- wherein R» is a hydrogen atom or C^^ alkyl group and 
m4 is 0 or 1 , 

(xix) a group represented by Fonmila -NRi-CO-NRk-(CH2)n,5- wherein is a hydrogen atom or C^^ alkyl group, 
R*^ is a hydrogen atom or C^^ alkyl group 

and m5 is 0 or 1 , 

(XX) a group represented by Formula -NRL-CO-CH2-(CH2)m6-NR'"- wherein R*- is a hydrogen atom or C^^ alkyl 
group, R"^ IS a hydrogen atom or C^^ alkyl group and m6 is 0 or 1 . 

10. The compound according to Claim 2 wherein R^ is a group represented by Formula: 




co-Hal 
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wherein Hal is a halogen atom, Ring D is defined as described in Claim 7. 
11. TTie compound according to Claim 2. wherein R' is a group represented by Formula: 




wherein each symbol is defined as described in Qaim 7 or a group represented by Formula: 

,CO-Hal 




wherein each symbol is defined as described in Claim 7, each of r2 and R3 is a hydrogen atom or optionally 
substituted hydrocarbon group, and R2 and R3 may be taken together with the adjacent carbon atom to foim an 
optionally substituted 3- to 8-membered ring, R* is a hydrogen atom, cyano group, optionally substituted hydro- 
cartjon group, acyl group or a group represented by Fonmula: -OR*' wherein R** is a hydrogen atom optionally 
substituted hydrocarbon group or acyl group, R5 is an optionally substituted hydrocarbon group, each of R« and 
R' IS an optionally substituted hydrocarbon group, R6 and R7 may be taken together with the adjacent carbon atom 
to form an optionally substituted 3- to 8-membered ring, each of R8 and R9 is a hydrogen atom. X is an oxygen 
atom or an optwnally oxidized sulfur atom. Y is methylene which may have 1 or 2 C,^ alkyi group(s) and n Is 0 ort . 

12, The compound according to Claim 2. wherein Ri is, 

(') a C6.14 aryl group which may have 1 to 3 substituent(s) selected from the following (1 ) to (23): 

(1) a halogen atom, 

(2) a nitro group, 

(3) a C-,^ alkyI group 

[this Ci^ alkyI group may have a substituent selected from a halogen atom, cyano, cartsamoyl C-,^ alkyl- 
v carbamoyl, C,^ alkyl-caibonyloxy, 0,^ alkoxy-carbonyl-C^^ alkyl^rbamoyl, (5- or 6-membered hete- 
rocyclic nng containing 1 to 3 heteroatom(s) selected from nitrogen, sulfur and oxygen atoms in addition 
to carbon atomsHJ,^ allcyl-carbamoyl. C,^ alkylsulfonylamino, C,^ alkoxy-carbonyl and cartjoxyl 

(4) a C3.6 cycloalkyi group. 

(5) a C6.14 afy' group 

[this C6.14 aiyl group may have a substituent selected from amino, carboxy, C^^ alkoxy-caibonyl car- 
bamoyl, mono- or di-C,^ alkytearbamoyi, formylamino, C,^ alkyl-carbonylamino which may have a hal- 
ogen atom or caiboxy. Cs.,4 aiyl-carbonylamino. C,^ alkoxy-caibonylamino, ureido, mono- or di-C, , 
alkylureido, C,^ alkylsulfonylamino, (C,^ alkyl)(C,.6 alkylsulfonyl) amino, (0,^ alkylXC,^ alkyl-caitonyl) 
ammo, C,^ alkoxy-carbonyl-C,^ alkylamino, Ce.^ aralkyloxy-carbonylamino, C,^ alkyl-cartjonylami- 
no-C,^ alkyl-caibonylamino, C,^ alkylthio-Ci^g alkyl-caibonylamino, C,^ alkyl-sulfinyl-C,^ alkyl-carbo- 
nylamino, C,^ alkyl-sulfonyl-Ci^ alkyl-cartDonylamino, Cg.^ aiyloxy-caibonylamino and hydroxy-C, « 
alkyl-carbamoyl], / 7 1-6 

(6) a C,^ alkoxy group which may have a halogen atom or C,^ alkoxy-Cg ,4 aryl 
(7) 

^ ^6-14 ^ry'oxy group, 

(8) a C,^ alkyfthio group which may have a carbamoyl, 

(9) a C^^ alkylsulfinyl group whfch may have a carbamoyl, 

(10) a Cfi-u arylthio group, 

(11) a hydroxy group. 
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(12) a 5- to 1 4-membered heterocyclic group containing 1 to 4 heteroatom(s) selected from nitrogen, sulfur 
and oxygen atoms [this heterocyclic group nnay have a substituent selected from oxo. carboxy-Ci^ alkyl. 
Ci_6 alkyl^arbonyloxy^;^^ alkyl, C,^ alkyl, C^^ alkoxy^rbonyl-C^^ alkyl, C^^ alkoxy-carbonyl. car- 
bamoyl-Ci^ alkyl and C^^ alkyl-carbamoyl-Ci.6 a^kyQ. 

(13) a carboxy group, 

(14) a group represented by Fomiula: -CO-Hal (wherein Hal is a halogen atom), 

(15) a C^^ alkyl-carbonyl group, 

(16) a C^^ alkyl-sulfonyl group, 

( 1 7) a Ci.g alkoxy-carbonyl group, 

(18) a sulfamoyl group 

[this sulfamoyl group may have 1 or 2 substituent{s) selected from C^^ alkyl, carbamoyl-C^^ alkyl, 
alkGxy-eart)Gnyl-Gt ^ alkyl- (5- to^-nriembered hetepocydic'ring^whk^ 
and C^^ alkyl-carbonylamino-Cg.^4 S'V']. 

(19) a group represented by Fomriula: -NR^ff' 

[each of and R" is (i) a hydrogen atom, (ii) a C^^ alkyl. (iii) (5- or 6-membered heterocyclic ring con- 
taining 1 to 3 heteroatom(s) selected from nitrogen, sulfur and oxygen atoms in addition to carbon atoms) 
alkyl, (Iv) a alkoxy-carbonyl-C^^ alkyl. (v) a di-C^.6 alkylamlno-methylene-sulfamoyl-C^^ alkyl, 
(vl) a cart)amoyl-C^.6 alkyl, (vii) a sulfamoyl-C^^ alkyl, (viii) a C,^ alkyl-sulfonyl. (ix) a C^^ alkoxy-carbonyl. 
(x) a di-Ci^ alkoxy-carbonyl-C2^ alkenyl, (xi) a C6-14 aiyl. (xii) a 5- or 6-membered heterocyclic group 
containing 1 to 3 heteroatom(s) selected from nitrogen, sulfur and oxygen atoms in addition to carbon 
atoms [this 5- or 6-membered heterocyclic group may have a substituent selected from amino, C^^ alkyl- 
carboxamido and alkyl-sulfonylamino], (xiii) an optionally halogenated C^^ alkyl-carbonyl, (xiv) a C^^ 
alkyIthio-C^.6 alkyl-carbonyl, (xv) a C^^ alkylsulfinyl-C^^ alkyl-carbonyl, (xvi) a C^^ alkyls'ulfonyl-Ci^ 
alkyl-carbonyl, (xvii) an amino-C^^ alkyl-carbonyl, (xviii) an optionally halogenated C^^ alkyl-carbonyl- 
amino-C^^ alkyl-carbonyl, (xix) aC6.i4aryl-carbonyl, (xx) acarboxy-C6.i4aryI-carbonyl, (xxi) an optionally 
alkyl-esterlfied phosphono-C^^ alkyl-Ce.^4 aryl-cartDonyl, (xxii) (5- or 6-membered heterocyclic ring 
containing 1 to 3 heteroatom(s) selected from nitrogen, sulfur and oxygen atoms in addition to carton 
atoms which may have a halogen atom, oxy or a C^^ alkoxy-carbonyl)^rbonyl, (xxiii*) (5- or 6-membered 
heterocyclic ring containing 1 to 3 h6teroatom(s) selected from nitrogen, sulfur and oxygen atoms in ad- 
dition to carbon atoms)-C^^ alkyl-carbonyl, (xxiv) a C6.14 aryl-oxy-cartwnyl. (xxv) a carboxy-C^.g alkyl, 
(xxvi) a carbamoyl, (xxvii) an optionally halogenated C^^ alkylcarbamoyl. (xxviii) a Cg-u arylcafbamoyi 
which may have a C^.e alkyl-carbonyl amino, (xxix) (5- or 6-membered heterocyclic ring containing 1 to 3 
heteroatom(s) selected from nitrogen, sulfur and oxygen atoms in addition to carbon atoms)-carbamoyl. 
(XXX) a C2.6 alkenyl-carbonyl, (xxxi) a (5- or 6-membered heterocyclic ring containing 1 to 3 heteroatom 
(s) selected from nitrogen, sulfur and oxygen atoms in addition to carbon atoms which may have an 0x0 
group)-amino-C^_6 alkyl-carbonyl, (xxxii) a (5- or 6-membered heterocyclic ring containing 1 to 3 heter- 
oatom(s) selected from nitrogen, sulfur and oxygen atoms In addition to carbon atoms which may have 
an 0x0 group)(Ct.6 alkyl) amino-C^^ alkyl-carbonyl, (xxxiil) a (5- or 6-membered heterocyclic ring con- 
taining 1 to 3 heteroatom(s) selected from nitrogen, sulfur and oxygen atoms in addition to carbon atoms 
which may have an 0x0 group)(C^^ alkylcarbonyl) amino-C^.g alkyl-carbonyl. (xxxiv) a C^^ alkyIthio-Ci^ 
alkylcarbonyl (sulfur atom may be oxidized), (xxxv) an optionally halogenated C^^ alkylsulfonyl. (xxxvi) a 
sulfamoyl or (xxxvii) a C^^ alkylsulfamoyi], 

(20) a group represented by Fomiula: -C(=0)NRCRd 

[each of and R^ is (i) a hydrogen atom, (ii) a C^^ alkyl, (iii) a (5- or 6-membered heterocyclic ring 
containing 1 to 3 heteroatom(s) selected from nitrogen, sulfur and oxygen atoms in addition to carbon 
atoms)-C^^ alkyl, (Iv) a carboxy-C,^alkyl, (v) a C^^ alkoxy-carbonyl-C^^ alkyl. (vi) a di-C^^ alkylami- 
no-C^^ alkyl, (vii) a carbamoyl-C^^ alkyl, (viii) a C^^ alkylcarbamoyl-Ci^ a»kyl, (ix) (5- or 6-membered 
heterocyclic group containing 1 to 3 heteroatom(s) selected from nitrogen, sulfur and oxygen atoms in 
addition to carbon atoms)-C,.6 alkytearbamoyl-C^.6 alkyl. (x) (5- or 6-membered heterocyclic group con- 
taining 1 to 3 heteroatom(s) selected from nitrogen, sulfur and oxygen atoms in addition to carbon atoms)- 
amino C^^ alkyl, (xi) a sulfamoyl-Ce.i4aryl-Ci,6 alkyl. (xii) a Cq.^^, aryl which may have a C^^ alkoxy. (xiii) 
an optionally C^^ alkyl -esterified phosphono-C^^ alkyl-C6.,4 aryl, (xiv) a 4- to 10-membered heterocyclic 
ring containing 1 to 3 heteroatom(s) selected from nitrogen, sulfur and oxygen atoms in addition to carbon 
atoms [this 4- to 1 0-membered heterocyclrc group may have 1 to 2 substituent(s) selected from a halogen 
atom, C^^ alkyl and oxo], (xv) a C6.14 aryl-oarbamoyl-Ci^ alkyl. (xvi) a hydroxy-C^^ alkyl or (xvii) a (5- 
or 6-membered heterocyclic ring containing 1 to 3 heteroatom(s) selected from nitrogen, sulfur and oxygen 
atoms in addition to cariDon atoms which may have a 0x0 group)-cari3amoyl-Ci^ a'kyl]. 

(21) acyanogroup, 
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(22) a mono- or di-C^^ alkylcarbamoylthio group, 

(23) a mono- or di-Ci^ alkylthlocarbamoyloxy group; 

(ii) a 5- to1 4-membered heterocyclic group containing 1 to 4 heteroatom(s) selected from nitrogen sulfur and 
(^iTtoTsr^'"^ ^^'^^ ""^^ ^ ^ substituent(s) selected from the following 

(.1) a halogen atom, 

(2) a C,^ alkyi group phis alkyi may have a substituent selected from caiboxy, C,^ alkoxy C, . alkoxy- 
caitoonyl. mono-C,^ alkyl-amlno. di-C,^ alkyl-amlno. carbamoyl, C,^ alkyl^rbamoyl whfch may have 
a hydroxy. 4- to 10-membered heterocyclic group containing 1 to 3 heteroatom(s) selected from nitrogen 
sotfurandoxygenaton=»9rirvaddil«omoca*onatomswhiGhTOayhawe'0XOff^^ 

nng containing 1 to 3 heteioatom(s) selected from nitrogen, sulfur and oxygen atoms in addition to carbon 
atoms)-caifoamoyl, carbamoyl-C,^ alkyl-carbamoylj, 

(3) a alkoxy group, 

(4) a C6.14 aryl group, 

(5) a Cj.^s aralkyi group [this Cy.^g aralkyi group may have a substituent selected from catboxy C, „ 
alkoxy-carbonyl. carbamoyl, C,^ alkyhcaibamoyi which may have a hydroxy, (4- to 1 0-membered 'hete- 
rocyclic nng containing 1 to 3 heteroatom(s) selected from nitrogen, sulfur and oxygen atoms in addition 
to carbon atoms)-carbamoyl], 

(6) a 4- to 1 0-membered heterocyclic group containing 1 to 3 heteroatom(s) selected from nitrogen sulfur 
and oxygen atoms in addition to caibon atoms [this 4- to 10-membered heterocyclic group may have a 
substituent selected from a C,^ alkyi, C,^ alkoxy^rbonyl, carbamoyl, oxo, 4- to 10-membered hetero- 
cyclrc group containing 1 to 3 heteroatom(s) selected from nitrogen, sulfur and oxygen atoms in addition 
to carbon atoms], 

(7) an 0X0 group, 

(8) an oxide group; 

(Bi) a cycloalkyi group; or, 

(iv) a group represented by Formula: -L'-Ria' (u is methylene, carbonyl or an optionalV substituted nitrogen 
atom, R « IS (1) a hydrogen atom, (2) a C6.14 aryl group which may have 1 to 5 substituent{s) selected from 
a C,^ alkyi and C,^ alkoxy, (3) a hydroxy group which may be substituted by a C, e alkyi group (4) a C, g 
alkyl-amino group which may be substituted by a 4- to 10-membered heterocyclic ring containlng'l to 3 het- 
eroatom(s) selected from nitrogen, oxygen and sulfur atoms in addition to caibon atoms. (6) a C.,. aryl-amino 
group or (7) a (4- to 10-membered heterocyclic ring containing 1 to 3 heteioatom(s) selected from nitrogen 
oxygen and sulfur atoms in addition to carbon atoms)-amino group), 

eachof R2and is (1) a hydrogen atom, (2)aCi^alkylgroupwhichmaybesubstitutedby<1>ahalogen 
atom. <2> a hydroxy group which may be substituted by a substituent selected from a C,^ alkyi. C,^ alkyl-carbonyl. 
C,^ alkylsulfonyl and Cy.^^ aralkyi. <3> an amino group which may be substituted by 1 or 2 C, . alkyi C, - alkyl^ 
carbonyl and Ce.^ aryl-carbonyl. <4> a 4- to 10-membered heterocyclic group containing 1 to 3 heteroatom(s) 
selected from nitrogen, oxygen and sulfur atoms in addition to carbon atoms. <5> a thio group which may be 
S^oiyltroX^'"* ^'^'* ^ ^^"^ ^"^'^"'""y 9~"P °' « ^1-6 a'M-sulfonyl group, or (3) a C^^ a"«>xy- 

R2 and RS may be taken together with the adjacent carbon atom to fomi a C3 g cycloalkane 

R*is(i)ahydrogenatom.(ii)acyanogroup,(ili)aCi^alkylgroup[thisC,^alkylgroupmayhaveasubstituent 
selected from (1) a hatogen atom, (2) a cyano group, (3) a C^e alkoxy group, (4) a hydroxy group. (5) an amino 
group. (6) a mono-C,^ alkylamino group, (7) a di-C,^ alkylamino group, (8) a tri-C,^ alkylammonium group. (8) 
a 4- to 10-membered heterocyclic group containing 1 to 3 heteroatom(s) selected from nitrogen, sulfur and oxygen 
atoms in addition to caibon atoms whteh may have an 0x0, (9) a C^.^ aiylthfo. (10) an ureklo, (11) a caiboxy (12) 

^T^^"^' ^^^^ ^ ^'-^ alkoxy^rbonyl, (14) a mono-C,^ alkyl^amoyl, (15) a formylamino and (16) a C, . 
alkyl-carboxamide], v / 1-6 

(iv) a alkenyl group or (v) a fonnyl group; 

X is a bond, oxygen atom, optionally oxidized sulfur atom. -NH- or -Nfmethvl)- 
R5 is, » / / ■ 

when X is a bond, then (i) a hydrogen atom, (ii) a C,^ alkyi group or (iii) a halogen atom 
when X is an oxygen atom, then (i) a hydrogen atom, (ii) a C,^ alkyi group [this C,^ alkyi group may have 
a substituent selected from (1) a halogen atom. (2) a hydroxy group, (3) an amino group. (4) a carboxy (5) a 
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carbamoyl. (6) a C^^ alkoxy-carbonyl, (7) a alkyl-carbamoyl. (8) a 6\-C^^ alkyl-carbamoyl. (9) a 4- to 

lO-membered heterocyclic group containing 1 to 3 heteroatom(s) selected from nitrogen, sulfur and oxygen atoms 
in addition to carbon alonis]. (iii) a alkenyl group [this Cg g alkenyl group may have a Cq,^^ aryl], (iv) a C2.6 
alkynyl group, (v) a Cg^ cycloalkyi group, (vi) a aralkyl group, (vii) a C^^ alkyl-carbonyl group, (viii) a Cg.^^ 
aryl-carbonyl group, (ix) a C^^ alkoxy-carbonyl group, (x) a mono- or di-C^^ alkyl-thiocarbamoyi group, (xi) an 
bptlonally halogenated C^^ alkyl-sulfonyl group or (xii) a 4- to 10-membered heterocyclic group containing 1 to 4 
het6roatom(s) selected from nitrogen, sulfur and oxygen atoms in addition to carbon atoms [this heterocyclic group 
may have a C^^^ aryl], 

when X is an optionally oxidized sulfur, then (i) a C^^ alkyi group or (ii) a mono- or di-C^^ alkyl-carbamoyi 
group, 

when X is -NH- or -N(methyl)-, then (i) a hydrogen atom, (ii) a C^^ alkyI group [this C^^ alkyI group may 
have a Gi^alko)^-cafbGnyft («>fom*yfj'(iv>'a^G^^^ ^k^^ 

carbamoyl group, (vii) a mono- or di-C^^ alkyl-carbamoyi group or (viii) a C^^ alkyl-sulfonyl group, 
each of and is a hydrogen atom or C^^ alkyl group, 

R6 and R^ may be taken together with the adjacent carbon atom to form a cydoalkane, 
Each of Rfi and is a hydrogen atom or a C^.e alkyl group, 

Y Is <1> a methylene group whtoh may have 1 or 2 C^^ alkyl or hydroxy group or <2> a carbonyl group, 
n is 0 or 1 . 

13. The compound according to Claim 3, wherein R^ is, 

(i) a Cq.^^ aryl group which may have 1 to 3 substituent(s) selected from the following (1 ) to (20): 

(1) a halogen atom, 

(2) a nitro group, 

(3) a C^^ alkyl group [this alkyl group may have a substituent selected from a halogen atom, cyano, 
carbamoyl, C^^ alkyl-carbamoyi, C^^ alkyl-carbonyloxy, C,,6 alkoxy<;arbonyl-Ci^ alkyl-carbamoyi, (5- 
or 6-membered heterocyclic ring containing 1 to 3 heteroatom(s) selected from nitrogen, sulfur and oxygen 
atoms in addition to carbon atoms)-C^_6 alkyl-carbamoyi, C^^ alkylsulfonylamino, C^^ alkoxy-carbonyl 
and carboxyl, 

(4) a Cq^ cycloalkyi group, 

(5) aC6.i4arylgroup 

[this C6.^4 aryl group may have a substituent selected from amino, optionally halogenated alkyl- 
carbonylamino. ureido, C^.^ alkylsulfonylamino, (C^.6 alkyl)(Ci^ alkylsulfonyl) amino, q^ealkoxy-carbo- 
nyl-C^_6 alkylamino], 

(6) a C^^ alkoxy group which may have a halogen atom or C^^ alkoxy-Cg ^4 aryl, • 

(7) a 

^6-14 aryloxy group, 

(8) a 0^.6 alkylthio group, 

(9) a C^^ alkylsulfinyl group, 

(10) a 

^6-14 arylthio group, 

(11) a hydroxy group, 

(12) a5-to 14-membered heterocyclic group containing 1 to 4 heteroatom(s) selected from nitrogen, sulfur 
and oxygen atoms [this heterocyclic group may have a substituent selected from 0x0, carboxy-Ci.6 alkyl, 

alkyl-carbonyloxy-Ci_6 alkyl, C^^ alkoxy-carbonyl-C^^ alkyl. C^^ alkyl-carbamoyl-Ci^ alkyl], 

(13) a carboxy group, 

(14) a group represented by Formula: -CO-Hal (Hal is a halogen atom). 

(15) a C^,g alkyl-carbonyl group, 

(16) a C^.e alkyl-sulfonyl group, 

(17) a C^^ alkoxy-carbonyl group, 

(18) a sulfamoyi group [this sulfamoyi group may have a substituent selected from C^^ alkyl, car- 
bamoyl-C^^ alkyl, (5- or 6-membered heterocyclfc ring containing 1 to 3 heteroatom(s) selected from 
nitrogen, sulfur and oxygen atoms in addition to carbon atoms)-C^^ alkyl], 

(19) a group represented by Fonnula: -NR^Rb [each of Ra and Rb is (i) a hydrogen atom, (ii) a C^^ alkyl, 
(iii) a (5- or 6-membered heterocyclic ring containing 1 to 3 heteroatom(s) selected from nitrogen, sulfur 
and oxygen atoms in addition to carbon atoms)-C^.6 alkyl, (iv) a C,^ alkoxy-carbonyl-C^^ alkyl, (v) a 
di-Ci^ aIkylamino-methylene-sulfamoyl-Ci.6 alkyl, (vi) a carbamoyl-C^^ alkyl. (vii") a sulfamoyl-C^_6 alkyl, 
(viii) a C^^ alkyl-sulfonyl, (ix) a C^.^ alkoxy-carbonyl, (x) a di-C^^ alkoxy-carbonyl-Ca-g alkenyl. (xi) a Cq.^^ 
aryl. (xii) a 5- or 6-membered heterocyclic group containing 1 to 3 heteroatom(s) selected from nitrogen, 
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sulfur and oxygen atoms in addition to carbon atoms [this 5- or e-membered heterocyclic group may have 
asubstituentselectedfrom amino. C,^alkyl^rboxamidoand C,^alkyl-sulfonylaminol. (xiii) an optionally 
halogenated C,^ alkyk^arbonyl. (xiv) a C^^ alky!thio-C,.6 alkyl-ca*onyl, (xv) a C,^ alkylsuinnyl-C,^ 
alkyl-catbonyl, (xvi) a C^^ alkylsulfonyl-C,^ alkyl^rbonyl. (xvii) an amino-C, . alkyl-carbonyl (xviii) In 
optionally halogenated C,^ alkyl^rtjonyl-amino-C,^ alkyl-carbonyl. (xlx) a 0^.,. aryl-carboilyl (xx) a 
' J carboxy-Cs.,4 aryl-carbonyl. (xxi") an optionally C,^ alkyl-esterified phosphono-C, ^ alkyl-Ce.^ ai^t-carti- 
onyl. (XXII) a (5- or 6-meR*erBd heterocyclic ring containing 1 to 3 heteroatom{s) selected from nitroqen 
sulfur and oxygen atoms in addition to carbon atoms)-carbonyl. (xxill) a (5- or 6-membered heterocyclic 
nng containing 1 to 3 heteroatom(s) selected from nitrogen, sulfur and oxygen atoms in addition to carbon 
atorns which may have a C,^ alkoxy-carbonyQ-C,^ alkyk:arbonyl. (xxiv) a C6.,4 aryl-oxy-caibonyl. (xxv) 
a caiboxy-C,^alkyl or (xxvi) a carbamoyl], "y ' 

all^l, (IK) a (5- or 6-membered heterocyclic ring containing 1 to 3 heteroatom(s) selected from nitrogen 
sulfurand oxygen atoms in addition to carbon atoms)-Ci^ alkyi, (iv) a carboxy-C, . alkyl. (v) a C. ^ alkoxy- 
carbonyl-C,^ alkyl, (vi) a di-C,^ alkylamino-C,^ alkyl, (vii) a caibamoyl-C,^ alkyl. (viii) a C 'llkylcar- 
bamoyl-C,^ alkyl, (ix) a (5- or 6-membered heterocyclic group containing 1 to 3 heteroatom(s) selected 
from nitrogen, sulfurand oxygen atoms)-C,^ alkyl carbamoyl-C,^ alkyl. (x) a (5- or 6-membered hetero- 
cyclic group containing 1 to 3 heteroatom(s) selected from nitrogen, sulfur and oxygen atoms in addition 
to carbon atoms)-amino-Ci^ alkyl, (xi) a sulfamoyl-Ce.^ aryl-C,^ alkyl. (xii) a C^.^ aryl whfch may have 
a o,^ aikoxy, (xiii) a C,^ alkyl-Cg-u aiyl which have an optfonally C,^ alkyl-esterified phosphono group 
(xiv) a 4- to 1 0-membered heterocyclfc ring containing 1 to 3 heteroatom(s) selected from nitrogen sulfur 
and oxygen atoms in addition to carbon atoms [this heterocyclic group may have 1 or 2 substituent(s) 
selected from a halogen atom, C,^ alkyl and oxo] or (xv) a Ce.,^ aryhcarbamoyl-C,^ alkyl; 

(il) a 5- to 1 4-membered heterocyclic group containing 1 to 4 hetoroatom(s) selected from nitrogen, sulfur and 

fi??T-f """^ *" ^^"^ ^'^ "^^^^ ^ *o 3 substituent(s) selected from the following 

(1)to(8): «* 

(1) a halogen atom, 

(2) a Ci.6 alkyl group [this alkyl may have a substituent selected from carboxy, C, = aikoxy C,^ alkoxy- 
carbonyl. mono-C,^ alkyl-amino. di-C,^ alkyl-amino. carbamoyl, C^.g alkyKarbamoyI which may have 
a nydroxy. 4- to 10-membered heterocycfc group containing 1 to 3 heteroatom(s) selected from nitrogen 
sulfurand oxygen atoms in addition to carbon atoms which may have oxo, (4- to 1 0-membered heterocyclte 
ring containing 1 to 3 heteroatom(s) selected from nitrogen, sulfur and oxygen atoms in addition to carbon 
atoms)-carbamoyl. carbamoyl-Ci^ alkyl-carbamoylj, 

(3) a C,.g aikoxy group. 

(4) aC6.i4arylgroup. 

(5) a C7.16 aralkyi group [this C^.^g aralkyi group may have a substituent selected from carboxy C. . 
alkoxy-carbonyl, carbamoyl. C,^ alkyl-carbamoyi which may have a hydroxy. (4- to 10-membered hete- 
rocyclic nng containing 1 to 3 heteroatom(s) selected from nitrogen, sulfur and oxygen atoms in addition 
to carbon atoms)-carbamoyl], 

(6) a 4- to 10-membere heterocyclic group containing 1 to 3 heteroatom(s) selected from nitrogen, sulfur 
and oxygen atoms in addition to carbon atoms [this 4- to 10-membered heterocyclic group may have a 
substituent selected from a C,^ alkyl. C,^ alkoxy-carbonyl, carbamoyl, 0x0, 4- to 10-membered hetero- 
cyclic group containing 1 to 3 heteroatom(s) selected from nitrogen, sulfur and oxygen atoms in addition 
to carbon atoms]. 

(7) an 0x0 group, 

(8) an oxide group; 

(iii) a Cg^ cycloalkyl group; or, 

(iv) a group represented by Fonmula: -L'-R«»- (U is methylene, carbonyl or -NH-, R'^- is (I) a hydrogen atom 
(2) a C6.14 aryl group which may have 1 to 5 substituent(s) selected from a C, . alkyl and C,^ aikoxy (3) a 

'"!^^^ ""^^ substituted by a C,^ alkyl group, (4) a C,^ alkyl-amino group whfch may be 
substituted by a 4- to 1 0-membered heterocyclfc ring containing 1 to 3 heteroatom(s) selected from nitrogen 
oxygen and sulfur atoms in addition to carbon atoms. (6) a Ce.^ aryl-amino group or (7) a (4- to 1 0-membered 
heterocyclic ring containing 1 to 3 heteroatom(s) selected from nitrogen, oxygen and sulfur atoms in addition 
to caibon atoms)-amino group). 
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each of Pfi and is (1 ) a hydrogen atom, (2) an optionally halogenated C^^ alkyl group or (3) a C^.^ alkoxy- 
cariDony! group, 

R2 and R3 may be taken together with the adjacent caibon atom to fonm a C3.8 cycloalkane, 

R^ is (i) a hydrogen atom, a C^^ alkyl group [this C^^ alkyl group may have a substituent selected from 
(1) a halogen atom, (2) a cyano group, (3) a C^^ alkoxy group, (4) a hydroxy group, (5) an amino group, (6) a 
mopo-Ci^ alkylamino group, (7) a di-C^^ alkylamino group, (8) a tri-C^^e alkylammonium group, (9) a4- to 1 0-mem- 
bered heterocydb group containing 1 to 3 heteroatom(s) selected from nitrogen, sulfur and oxygen atoms in ad- 
dition to carbon atoms which may have an 0x0, (1 0) a C^^^ arylthio, (11 ) an ureido. ( 1 2) a carboxy, (1 3) a carbamoyl, 
(14) a alkoxy-carbonyl, (15) a mono^:^^ alkyl-carbamoyl, (16) a formylamino, (1 7) a C^^ alkyl-caiboxamidoj 
or (ili) a C2.6 alkenyl group; 

X is a bond, oxygen atom, sulfur atom, -NH- or -N(methyl)-, 

RSisv 

when X is a bond, then (i) a hydrogen atom, (ii) a C^^ alkyl group or (iii) a halogen atom, 
when X is an oxygen atom, then (I) a hydrogen atom, (Ii) a C^^ alkyl group [this C^^ alkyl group may have 
a substituent selected from (1) a halogen atom, (2) a hydroxy group, (3) an amino group, (4) a carboxy, (5) a 
carbamoyl, (6) a C^^ alkoxy-carbonyl. (7) a mono-C^^ alkyl-carbamoyl, (8) a di-C^^ alkyl-carbamoyl, (9) a 4- to 
10-membered heterocyclic group containing 1 to 3 heteroatom(s) selected from nitrogen, sulfur and oxygen atoms 
in addition to carbon atoms wh'ch may have an 0x0], (Iii) a C2.6 alkenyl group [this Cg^ alkenyl group may have 
a aryl], (iv) a Cg^ alkynyl group, (v) a C^^ cydoalkyl group, (vi) a C-^.^q aralkyl group, (vii) a alkyl-carbonyl 
group, (viii) a 06.^4 aryl-carbonyl group, (ix) a C^^ alkoxy-carbonyl group, (x) a mono- or di-C^^ alkyMhiocarbamoyl 
group, (xi) an optionally halogenated C^^ all^l-sulfonyl group or (xii) a 4- to 10-membered heterocyclic group 
containing 1 to 4 heteroatom(s) seleded from nitrogen, sulfur and oxygen atoms in addition to carbon atoms [this 
heterocyclic group may have a Cq.^^ aryl], 

when X is a sulfur, then (i) a C,^ alkyl group or (ii) a mono- or di-Ci^g alkyl-carbamoyl group, 
when X is -NH- or -N(methyl)-, then (i) a hydrogen atom, (ii) a C^^ alkyl group [this C^^ alkyl group may 
have a C^^ alkoxy-carbonyl], (iii) fomiyl, (iv) a C^^ alkyl-carbonyl group, (v) a C,^ alkoxy-carbonyl group, (vi) a 
carbamoyl group, (vii) a mono- or di-C^^ alkyl-carbamoyl group or (viii) a C^^ alkyl-sutfonyl group, 
each of RS and R7 is a hydrogen atom or C^^ alkyl group. 

R6 and R7 may be taken together with the adjacent carbon atom to forni a C3.8 cycloalkane, 

each of R^ and R^ is a hydrogen atom or a alkyl group, 

Y is a methylene group which may have a hydroxy group or carbonyi group, 

n is 0 or 1 . 

14. The compound according to Claim 2, wherein each of R? and R^ is a C^^ alkyl group. 

15. The compound according to Claim 2, wherein is a hydrogen atom, 

16. The compound according to Claim 2, wherein each of Rp and R^ is a C^^ alkyl group. 

17. The compound according to Claim 2, wherein each of R^ and R^ is a hydrogen atom. 

18. The compound according to Claim 2, wherein n is 0, 

19. (i) 2-(methylsulfinyl)-N-[3-(3,4,8,9-tetrahydro-6-methoxy-3,3,B,8-tetramethylfuro[2,3-h]isoquinoIin-1-yl)phenyl] 
acetamide, (ii) N-{methylsulfonyl)-N-[3-(3,4,8,9-tetrahydro-6-methoxy-3,3,8,8-tetramethylfuro[2,3-h]isoquinolin- 
1-yl)phenyl]methanesulfonamide. (iii) N-[2-(4-pyridinyI)ethyl]-3-(3,4.8,9-teirahydro-6-methoxy-3.3,8.8-tetrameth- 
ylfuro[2,3-h]isoquinolin-1-yl)ben2amide. (iv) N-(2-amino-2-oxoethyl)-3-(3,4,8,9-letrahydro-6-methoxy-3.3,8,8-te- 
tramethylfuro[2,3-h]isoquinolin-1-y!)benzamide, (v)N-methyl-3-(3.4,8,9-tetrahydro-6-methoxy-3,3,8,8-tetrameth- 
ylfuro[2,3-hjisoquinolln-1-yl)ben2amide, (vi) N-ethyl-3-(3,4,8,9-tetrahydro-6-methoxy-3,3,8,8-tetramethylfuro 
(2,3-hJisoquinolin-1-yl)benzamide, (vii) N-[3'-(3,4,8,9-tetrahydro-6-methoxy-3,3,8,8-tetramethylfuro[2,3-h]isoquin- 
olin-1 -yl)[1 , 1 '-biphenyl]-3-yl]acetamide. (viii) N-(2-amino-1 , 1 -dimethyl-2-oxoethyl)-3-(3 ,4,8,9-tetrahydro-6-meth- 
oxy-3,3,8,8-tetramethylfuro[2,3-h]isoquinolin-1-yl)ben2amide, (ix)3-(6-ethoxy-3,4,8,9-tetrahydro-3,3,8,8-tetrame- 
thylfuro[2,3-h]isoquinolin-1-yl)-N-methyIbenzamide, (x) N-(2-amino-2-oxoethyl)-3-(6-ethoxy-3,4.8,9-tetrahydro- 

3.3.8.8- tetramethylfuro[2,3-h]isoquinolin-1 -yl)ben2amide, (xi) N-(2-amino-1 ,1 -dimethyl-2-oxoethyO-3-(6-ethoxy- 

3.4.8.9- tetrahydro-3,3,8,8-tetramethylfuro[2,3-h]isoquinoIin-1-yl)benzamide, (xu)N-[3-(6-ethoxy-34,8,9-tetrahy- 
dro-3.3.8,8-tetramethylfuro(2,3-hJisoquinolin-1-yl)phenyOmethanesulfonamide, (xiii) N-(hydroxymethyl)- 
3-(3,4,8,9-tetrahydro-6-niethoxy-3,3.8,8-tetramethytfuro[2.3-h}isoquinolin-1-yl)ben2amide or its salts. 
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20. A prodrug of a compound according to Claim 2. 

21. A process for producing a compound having a partial structure represented by Formula: 



t. 




wherein Ri is defined as described in Claim 2, or a salt thereof, comprising: 
(1) reacting a compound having a partial structure represented by Formula: 




wherein RiOisan optionally 

by Fomiula: Ri.CN or Fomiula: Ri-CONHa wherein Ri Is defined as described above or a salt thereof or 
(2) reacting a compound having a partial structure represented by Formula: ' ' 




JaU there^r ^ ^'"P^""^ represented by Formula: Ri -CN wherein Ri is defined as described above or a 

22. A process for producing a compound according to Claim 2, comprising: 
reacting a compound represented by Formula: 
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wherein each symbol is defined as described in Claim 2 or a salt thereof with a compound represented by 
Fomiula: Ri-CN or Fomnula: R^-CONHg wherein is defined as described in Claim 2 or a salt thereof, or. 
reacting a compound represented by Fomiula: 



wherein Z Is an optionally substituted hydroxy group or halogen atom, and other symbols are defined as described 
in aaim 2 or a salt thereof with a compound represented by Formula: R^-CN wherein Ri is defined as described 
In Claim 2 or a salt thereof. 

t. A phosphodiesterase IV inhibitor comprising a compound having a partial structure represented by Formula: 



wherein is a single bond or double bond or a salt thereof. 

24. A pharmaceutical conrposition comprising a compound according to Claim 1 or a salt thereof. 

25. A phamiaceutlcal composition comprising a compound according to Claim 2 or a salt or prodmg thereof. 

♦ 

26. The phamiaceutical composition according to Claim 24 or 25, which is a phosphodiesterase IV inhibitor. 

27. The phamiaceutical composition according to Claims 23 to 26. which is a prophylactic or therapeutic agent against 
inflammatory diseases. 

28. The pharmaceutical composition according to Claims 23 to 26, which is a prophylactic or therapeutic agent against 
asthma, chronic obstructive pulmonary disease (COPD), rheumatoid arthritis, autoimmune disease or diabetes. 

29. A pharmaceutical oonrprising (1 ) a compound having a partial structure represented by Formula: 



wherein ^ is a single bond or double bond or a salt thereof in combination with (2) a dmg selected from antiasthma 
agents, antiallergic agents, anticholinergic agents, antiinflammatory agents, antibacterial agents, antifungal agents 
and antidiabetic agents. 
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30. A pharmaceutical comprising (1) a compound according to Claim 1 or a salt thereof in combination with (2) a drug 
selected from andasthmaagents.antlallergic agents 
agents, antifungal agents and antidiabetic agents. 

* foT'!"^'""^' comprising (1) a compound according to Claim 2. or a salt or prodrug thereof In combination 

\ With 2) a drug selected from antiasthma agents, antiallergic agents, anticholinergic agents, antiinflammatory 
\ agents, antlbactenal agents, antifungal agents and antidiabetic agents. 

33: Tlie phannaceutical^acGorTlm^^^^^^ vvhrch^is^^prophylaGtic orttrerape^^ 

chronic obstmctive pulmonary disease (COPD), rheumatoid arthritis, autoimmune disease or diabetes. 

'5 34. Escherichia coll BL21/pPDE4D3 (PERM BP-7075), 

35. AmethodforlnhlbftlngaphosphodiesteraselVcomprisingadministeringaneffectiveam^ 

a partial structure represented by Formula: ui.u ..avuiy 

20 



25 



wherein ^ is a single bond or double bond or a salt thereof to a mammal. 

30 36. A method for preventing or treating inflammatory diseases comprising administering an effective amount of a com- 
pound having a partial structure represented by Formula: 



35 



40 



45 





wherein ^ is a single bond or double bond or a salt thereof to a mammal. 

37. A method for preventing or treating asthma, chronic obstructive pulmonary disease (COPD). rtieumatoid arthritis 
autoimmune disease or diabetes comprising administering an effective amount of a compound having a partial 
structure represented by Formula: y « "t« 




55 wherein ^ is a single bond or double bond or a salt thereof to a mammal. 

38. Amethod for inhibiting a phosphodiesterase IV comprising administering an effective amount of the compound 
according to Claim 1 or a salt thereof to a mammal. 
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39. A method for preventing or treating inflammatory diseases comprising administering an effective amount of the 
compound according to Qarm 1 or a salt thereof to a mammal. 

40. A method for preventing or treating asthma, chronic obstructive pulmonary disease (COPD). rtieumatold arthritis, 
autoimmune disease or diabetes comprising administering an effective amount of the compound according to 
Claim 1 or a salt thereof to a mammal. 

41. A method for inhibiting a phosphodiesterase IV comprising administering an effective amount off the compound 
according to Claim 2 or a salt or prodmg thereof to a mammal. 

42. A method for preventing or treating inflammatory diseases comprising administering an effective amount of the 
compound according tO'Gtaim 2' or a- sak'or prodrug'thereof* tea-mammal. 

43. A method for preventing or treating asthma, chronic obstructive pulmonary disease (COPD), rheumatoid arthritis, 
autoimmune disease or diabetes comprising administering an effective amount of the compound according to 
Claim 2 or a salt or prodrug thereof to a mammal. 

44. A method for preventing or treating inflammatory diseases comprising administering (1) an effective amount of a 
compound having a partial structure represented by Formula: 




wherein is a single bond or double bond or a salt thereof In combination with (2) an effective amount of a drug 
selected from antiasthma agents, antiallergic agents, anticholinergic agents, antiinflammatory agents, antibacterial 
agents, antifungal agents and antidiabetic agents to a mammal. 

45. A method for preventing or treating asthma, chronic obstructive pulmonary disease (COPD), rtieumatold artiiritis, 
autoimmune disease or diabetes comprising administering (1 ) an effective amount of a compound having a partial 
structure represented by Fomiula: 




wherein Is a single bond or double bond, or a salt thereof in combination with (2) an effective amount of a drug 
selected from antiasthma agents, antiallergic agents, anticholinergic agents, antiinflammatory agents, antibacterial 
agents, antifungal agents and antidiabetic agents to a mammal. 

46. A method for preventing or treating inflammatory diseases comprising administering (1 ) an effective amount of the 
compound according to Claim 1 or a salt thereof in combination with (2) an effective amount of a drug selected 
from antiasthma agents, antiallergic agents, anticholinergic agents, antiinflammatory agents, antibacterial agents, 
antifungal agents and antidiabetic agents to a mammal. 

47. A method for preventing or treating asthma, chronic obstructive pulmonary disease (COPD), rtieumatold arthritis, 
autoimmune disease or diabetes comprising administering (1 ) an effective amount of the compound according to 
Claim 1 or a salt thereof in combination with (2) an effective amount of a drug selected from antiasthma agents, 
antiallergic agents, anticholinergic agents, antiinflammatory agents, antibacterial agents, antifungal agents and 
antidiabetic agents to a mammal. 
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4fi. A method forpreventing or treating inflammatory diseases comprising administering (1) an effective amount of the 
compound according to Claim 2 ora salt or prodrug thereof in combination with (2) an effective amount of a drug 
selected from antiasthmaagents,antiallergic agents, anticholinergic agents, antiinflammatory agents, antibacterial 
agents, antifungal agents and antidiabetic agents to a mammal. 

* 49. A rpethod forpreventing or treating asthma, chronic obstructive pulmonary disease (COPD). rheumatoid arthritis 
Y autoimmune disease or diabetes comprising administering (1 ) an effective amount of the compound accordlna to 
Claim 2 or a salt or prodrug thereof in combination with (2) an effective amount of a drug selected from antiasthma 
agents. antiaHergicagents. anticholinergic agents, antiinflammatory agents, antibacterial agents, antifungal agents 
and antidiabetic agents to a mammal. a^ayc"!* 

50i A-use=of ffcoii^oaB*hawiig'ffpartfertstf«ctBr6-repfB8©r»^ 




wherein is a single bond or double bond, or a salt thereof for producing a phosphodiesterase IV inhibitor. 
51. A use of a confound having a partial structure represented by Fonnula: 




wherein ^ is a single bond or double bond, or a salt thereof for producing a prophylactic or therapeutic agent 
against inflammatory diseases. f n 

52. A use of a compound having a partial structure represented by Formula: 




wherein ^ is a single bond or double bond, or a salt thereof for producing a prophylactic or therapeutic agent 
against asthma, chronic obstructive pulmonary disease (COPD), rheumatoid arthritis, autoimmune disease or di- 

53. A use of the compound according to Claim 1 or a salt thereof for producing a phosphodiesterase IV Inhibitor. 

54. A use of the compound according to Claim 1 or a salt thereof for producing a prophylactic or therapeutic agent 
against inflammatory diseases. r r j h ui», aseiu 

55. A use of the compound according to Claim 1 or a salt thereof for producing a prophylactic or therapeutic agent 
against asthma, chronic obstructive pulmonary disease (COPD). rheumatoid arthritis, autoimmune disease or di- 
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56. A use of the compound according to Claim 2 or a salt or prodrug thereof for producing a phosphodiesterase IV 
inhibitor. 

57. A use of the compound according to Claim 2 or a salt or prodrug thereof for producing a prophylactic or therapeutic 
5 agent against inflammatory diseases. 

\^ 58. A ule of the compound according to Claim 2 or a salt or prodrug thereof for producing a prophylactic or therapeutic 
agent against asthma, chronic obstructive pulmonary disease (COPD), rheumatoid arthritis, autoimmune disease 
or diabetes. 



10 



15 



20 



59. A compound represented by Fonmula: 




25 wherein each of R2a and R^a is an optionally substituted aliphatic hydrocarbon group or acyl group, 

is a hydrogen atom, optionally substituted hydrocarbon group, acyl group or optionally substituted hy- 
droxy group, 

R5a is an optionally substftuted hydrocarbon group, acyl group, optionally substituted heterocyclic group or 
halogen atom, 

^ Each of R^, R7a, r^^ and R^^ is a hydrogen atom or optionally substituted hydrocarbon group, 

is a bond, oxygen atom, optionally oxidized sulfur atom or optionally substituted nitrogen atom, or by 

Formula: 



40 



45 




wherein each of R2a and R^a is an optionally substituted aliphatic hydrocarbon group or acyl group, 

R^ is a hydrogen atom, optionally substituted hydrocarbon group, acyl group or optionally substituted hy- 
droxy group, 

^ R^ is an optionally substituted hydrocarbon group, acyl group, optionally substituted heterocyclic group or 

halogen atom, 

Each of R6a, R7a RSa and R9a is a hydrogen atom or optionally substituted hydrocarbon group, 
Xa is a bond, oxygen atom, optionally oxidized sulfur atom or optionally substituted nitrogen atom, 
Z is an optionally substituted hydroxy group or halogen atom, or a salt thereof. 

55 

60. The compound according to Claim 59, wherein each of R^a and R^ is any of the following (i) to (ii): 

(0 a alkyi group or cycloalkyi group which may have 1 to 5 substituent(s) selected from the group 
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(here.n^er referred to as Substituent Group B) consisting of (1) a halogen atom. (2) a C, , alkylenedioxy 
group. (3) a nitro group. (4) an optionally halogenated C,^ alkyi group. (5) a C3.e cycloalkyi group, (6) a ,^ 
aryl group. (7) an optionally halogenated Ce alkoxy group. (8) an optionally halogenated C. « alkylthio group 
(9) a hydroxy group. (10) an amino group. (11) a mono-C,^ alkylamino group. (12) a mono-C^ „ arylamino 
. group. (13) a di-C,^ alkylamino group. (14) a di-Cs.,^ arylamino group. (15) an acyl group selected from formyl 
- ,carboxy. cafbamoyl. C,^ alkyl-carbonyl. C^^ cycloalkylorbonyl, C,^ alkoxy-carbonyl. C^,. aiyl-carbonyl' 
^ ■ C7.16 araUcyl-catbonyl. Cg.,* aryloxy-carbonyl. Cy.,^ aralkyloxyorbonyl. (5- or 6-membered heterocycle hav- 

ing, in addrtion to carbon atoms. 1 to 3 heteroatom(s) selected from nitrogen, sulfur and oxygen atoms)^- 
bonyl. mono^,^ alkyKarbamoyl. di-C,^ alkyI carbamoyl. Cg.^ aryl-carbamoyi, (5- or 6-membered hetero- 
cycle having, in addition to carbon atoms. 1 to 3 heteroatom(s) selected from nitrogen, sulfur and oxygen 
a^oms)-caibamoyl. C,^ alkyl-thiocarbonyl. cydoalkyl-thiocarbonyl. C,^ alkoxy-thiocarbonyl C«.,^ arvl- 
thiocart)onyl;.G7;,6 arallqrt^iocaibouyl? a^'V^»lfocafbof^^e7.,6. ara^kytoxy^hiocalb0ny^ 
6-membered heterocycle having, in addition to carbon atoms, 1 to 3 heteroatom(s) selected from nitrogen 
sulfur and oxygen atoms)-thiocarbonyl. thiocarbamoyl. mono-C,^ alkyl-thiocarbamoyi, di-C, . alkyl-thiocar- 
bamoyl, C^,^ aiyHhfocafbamoyl. (5- or 6-membered heterocycle having, in additton to carton atoms 1 to 3 
heteroatom(s) selected from nitrogen, sulfur and oxygen atoms)-thiocarbamoyl. mono-C, . alkylsulf^yl 
di-C,^ alkylsulfamoyl. C^,^ arylsulfamoyl. C^^ alkylsulfonyl. C^,^ arylsulfonyl. C,^ alkylsulflnyl. C, aiyl- 
sumnyl. sulf.no. sulfo, C,^ alkoxysulflnyl. C^^^ arytoxysulfinyl, C^.^ alkoxysulfonyl and C. aryloxytitforwl 
( 6) an aqriamino group selected from fomiylamino. C,^ alkyl-carboxamido. C^.^ aryl-carboxamido c' " 
alkoxy-carboxamido.C,^alkylsulfonylaminoandC6.„aiylsulfonylamino,(17)anacyloxygroupse 
C,^ alkyl-caibonyloxy. Cg.,* aryl-carbonyloxy. C,^ alkoxy-cartoonyloxy, mono-C,^ alkyl-carbamoyloxy 
di-C,^ alkyl-caitoamoyloxy, Cg.^ aryl-carbamoyloxy and nfcotinoyloxy, (1 8) a 4- to 1 4-membered heterocycfc 
group having, in addition to carbon atoms. 1 to 3 heteroatom(s) selected from nitrogen, sulfur and oxygen 
atoms, (19) a phosphono group. (20) a C^,^ aryloxy group. (21) a di-C,^ alkoxy-phosphoryl group. (22) a 
C^4 arylthio group. (23) a hydrazine group. (24) an imino group. (25) an 0x0 group. (26) an urekio group 
(27^aCi^ alkyl-ureido group. (28) a di-Ci^s-alkyl-ureldo group, (29) an oxide group and (30) a group formed 
by binding 2 or 3 groups selected from (1 ) to (29) listed above. 

(ii) an acyl group selected from formyl. carboxy. carbamoyl. C,.6 alkyl-caibonyl. cyctoalkyl^ibonyl C,^ 
alkoxy-carbonyl. Cg.,^ aryl-ca*onyl. C^.,^ aralkyl-caibonyl. C^,^ aryloxy-carbonyl. C,.,^ aralkyloxy-carb'onyl 
(5- or 6-membered heterocycle having, in addition to carbon atoms, 1 to 3 heteroatom(s) selected from nitro- 
gen, sulfur and oxygen atoms)-carbonyl. mono-Ci.6 alkyl-carbamoyl. di-C,^ alkyI caibamoyi, C^u aiyl-car- 
bamoyl. (5- or 6-membered heterocycle having, in addition to carbon atoms. 1 to 3 heteroatom(s) selected 
from nitrogen sulfur and oxygen atoms)-carbamoyl. C^.^ alkyl-thiocarbonyl, C3.6 cycloalkyl-thiocarbonyl. C, - 
a koxy-thiocarbonyl. C^,^ aryl-thiocarbonyl. G,.,^ aralkyl-thiocartwnyl. 06.^ aryloxy-thiocarbonyl. C,'m- 
alkyloxy-thiocarbonyl. (5- or 6-membered heterocycle having, in addition to carbon atoms. 1 to 3 hete^oatom 
(s) selected from nitrogen, sulfur and oxygen atoms)-thiocarbonyl, thiocarbamoyl. mono-C. . alkyl-thiocar- 
bamoyl, di-C,^ alkyl-thiocarbamoyi, Cs.^ aryl-thiocarbamoyl. (5- or e^nembered heterocycle having in ad- 
dition to carbon atoms, 1 to 3 h6teroatom(s) selected from nitrogen, sulfur and oxygen atoms)-thiocarbamoyl 
mono-C,^ alMsulfamoyl. di-C,^ alkylsulfamoyl. C6.,4 arylsulfamoyl. ^ 

alkylsulfiriyl. Ce.,^ arylsulfinyl. surino. sulfo, C,^ alkoxysulfinyl. C^.,^ arytoxysulfinyl. 0,^ alkoxysulfonyl and 
C6-14 aryloxysulfonyl. whfch may have 1 to 5 substituent(s) selected from Substituent Group B described 
atjove; 

is (i) a hydrogen atom, 

(ii) a C,.6 alkyl group. Ca^cycloalkyl group, C6.„aiyl group or C7.,6 aralkyi group whteh may hav 
(s) selected from Substituent Group B described above, 

(iiO an aqrl group selected from tomiyl, carboxy. carbamoyl. C,^ alkyl^rbonyl. cycloalkyln^arbonyl. C, . 
alkoxyH^artDonyl, C6.,4 aiyl^rbonyl, C^.,^ aralkyl-carbonyl, C^,^ aryloxy caAonyl. C^.,^ aralkyloxy-carbonyl. (5 
or 6-membered heterocycle having, in addition to carbon atoms. 1 to 3 heteioatom(s) selected from nitrogen sulfur 
and oxygen atoms)^,bonyl, mono-C,^ alkylH:a,bamoyl. di-C,^ alkyl-carbamoyl, Cs.u aryl-carbamoyl.' (5- or 
6-membered heterocycle having, in addition to carbon atoms. 1 to 3 heteroatom(s) selected from nitrogen, sulfur 
and oxygen atoms)-cart)amoyl. C,^ alkyl-thiocarbonyl, cycloalkyl-thiocarbonyl, C,^ alkoxy-thiocarbonyl, 
C6.„ aryl-thiocarbonyl. C,.,6 aralkyl-thiocarbonyl. C^,^ aryloxy-thiocarbonyl. C^.,^ aralkyloxy-thiocarbonyl. (5- or 
6-iiiembered heterocycle having, in addition to carbon atoms. 1 to 3 heteroatom(s) selected from nitrogen, sulfur 
andoxygenatomsHhkHarbonyi,thtocaibamoyl.mono-Ci^alkyl-thiocarbamoyl, di-C,^ alkyl-thiocarbamoyi C« ,4 
aiyl-thiocarbamoyl. (5- or 6-membered heterocycle having, in addiUon to carbon atoms, 1 to 3 heteroatom(s) de- 
tected from nrtrogen. sulfur and oxygen atoms)-thiocarbamoyl. mono-C,^ alkylsulfamoyl. di-C,^ alkylsulfamoyl 
C^u arylsulfamoyl. C,^ alkylsulfonyl. Cg.,* arylsulfonyl, C,^ alkylsulflnyl. C6.u arylsulfinyl. sulfino. sulfo C,^ 
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alkoxysulfinyl, C6.n4 aryloxysulfinyl. C^^ alkoxysulfonyl and Cq.^^ aryloxysulfonyl, which may have 1 to 6 substit- 
uent(s) selected from Substituent Group B described above; 
(Iv) a group represented by Formula: -OR*^ 
(wherein R^a' is <1> a hydrogen atom. 

<2> a Ci.6 alkyi group, C^^ cycloalkyl group. Cg^u a^V' group or C^.^g aralkyi grc>up which may have 1 to 6 sub- 
stituent(s) selected from Substituent Group B described above, or, 

<3> an acyl group selected from fomiyl. carboxy. cariDamoyl. C^^ alkyl-carironyl. C3.6 cycloalkyl^rbonyl, g 
alkoxy-carbonyl, C^.^^ aiylK^artonyl, Cj.^q aralkyl^rbonyl, C^^^ aiyloxy<:arbonyl. Cy.^g aralkyloxy-carbonyl. a 
(5- or e-men^eried heterocycle having, in addition to carbon atoms, 1 to 3 heteroatom(s) selected from nitrogen 
sulfur and oxygen atoms)-carbonyl. mono-C^^ alkyl-carbamoyl, di-C,^ alky! -carbamoyl. C^^^ ary I -carbamoyl, (5- 
or 6-membered heterocycle having, in addition to carbon atoms, 1 to 3 heteroatom(s) selected from nitrogen, sulfur 
and oxygen atoms)-carbanrK>yl; alkyKhiocarbonyl. 63.6 cydoalkyl-thiocarbonyJrG^^ 
Ce-u aryl-thiocarbonyl, Cj.^q aralkyl-thiocarbonyl, Cq,^^ aryloxy-thiocarbonyl, Cy.^g aralkyloxy-thiocarbonyl, (5- or 
6-nrtembered heterocycle having, in addition to carton atoms, 1 to 3 heteroatom(s) selected from nitrogen, sulfur 
and oxygen atomsHhiocarbonyl.thiocarbamoyI, mono-Ci^alkyl-thiocarbamoyl,di-C^^alkyl-thiocarbamoyl, C6.14 
aryl-thiocarbamoyl, (5- or 6-membered heterocycle having, in addition to carbon atoms, 1 to 3 heteroatom(s) se- 
lected from nitrogen, sulfur and oxygen atoms)-thlocarbamoyl, mono-C^^ alkylsulfamoyi, dl-C^^ alkylsulfamoyi 
Ce-u arylsulfamoyi, alkylsulfonyl. Cq^^^ arylsulfonyl. C^^ alkylsulfinyl, Cg^u arylsulfinyl, sulfino, sulfo, G^^ 
alkoxysulfinyl, Cg^i^ aryloxysulfinyl, C^^ alkoxysulfonyl and Ce-i 4 aryloxysulfonyl, whrch may have 1 to 5 substit- 
uent(s) selected from Substituent Group B described above); 
IS any of the following (i) to (iv): 

(i) a C^^ alkyI group, cycloalkyl group, C^,^^ aryl group or C^.^g aralkyi group which may have 1 to 5 
substrtuent(s) selected from Substituent Group B described above, 

(ii) an acyl group selected from formyl, carboxy. carbamoyl. C^^ alkyl-carbonyl, cycloalkyl-carbonyl, C^^ 
alkoxy^arbonyl, 06.^4 aryl-cartonyl, Cj.^^ aralkyl-carbonyl, Cq,^^ aryloxy^arbonyl, Cy.^g aralkyloxy-carbonyl, 
(5- or 6-membered heterocycle having, in addition to carbon atoms, 1 to 3 heteroatom(s) selected from nitro- 
gen, sulfur and oxygen atoms)-carbonyl, mono-C,^ alkyl-carbamoyi, di-C^^ alkyl-carbamoyl, 06.^4 aryl-car- 
bamoyl, (5- or 6-membered heterocycle having, in addition to cart)on atoms, 1 to 3 heteroatom(s) selected 
from nitrogen, sulfur and oxygen atoms)-carbamoyl. C^^ alkyl-thiocarbonyl, cycloalkyl-thiocarbonyl. C^^ 
alkoxy-thiocart3onyl, Cs.14 aryl-thiocarbonyl, Cy.^e aralkyl-thiocarbonyl. Ce.14 aryloxy-thiocarbonyl. Cy.^e ar- 
alkyloxy-thiocarbonyl, (5- or 6-membered heterocycle having. In addition to carbon atoms, 1 to 3 heteroatom 
(s) selected from nitrogen, sulfur and oxygen atoms)-thiocarbonyl, thiocarbamoyi, mono-Ci.6 alkyl-thiocar- 
bamoyl. di-C^_6 alkyl-thiocarbamoyl. Cg.u aryl-thiocartDamoyl, (5- or 6-membered heterocycle having, in ad- 
dition to carbon atoms, 1 to 3 heteroatom(s) selected from nitrogen, sulfur and oxygen atoms)-thiocarb'amoyl, 
mono-Ci^ alkylsulfamoyi, di-C^^ alkylsulfamoyi, Cq,^^ arylsulfamoyi, C^,^ alkylsulfonyl, 06.^4 arylsulfonyl, C^^ 
alkylsulfinyl. 06.^4 arylsulfinyl, sulfino. sulfo, C^^ alkoxysulfinyl, 06.^4 aryl-oxysulfinyl, C^^ alkoxysulfonyl and 
^6-14 aryloxysulfonyl, which may have 1 to 5 substituent(s) selected frorri Substituent Group B described 
above, 

(iii) a 5- to 14-membered heterocyclic ring containing 1 to 4 heteroatom(s) selected from n'rtrogen. sulfur and 
oxygen atoms in addition to cartaon atoms which may contain 1 to 5 substituent(s) selected from Substituent 
Group 8 described above, 

(iv) a halogen atom; 

each of H^, R^a, RSa RSa Is (I) a hydrogen atom or (ii) a C^^ alkyI group, C3.6 cycloalkyl group, 
Ge-u aryl group or Cj^^q aralkyi group which may have 1 to 5 substituent(s) selected from Substituent Group 
B described above, 

is (i) a bond, (ii) an oxygen atom, (iii) an optionally oxidized sulfur atom, (iv) a nitrogen atom which 
may have a C^^ alkyI group, C^^ alkenyl group. C^^ alkynyl group, C^_q cycloalkyl group. C3.6 cycloalkenyl 
group, Cg.^4 aryl group or Cy.^e aralkyi group which may have 1 to 5 substituent(s) selected from Substituent 
Group B described above, 

(v) a nitrogen atom having an acyl group selected from formyl, cart^oxy, carbamoyl, C^^ alkyl-carbonyl, G3.6 
cycloalkyl-caibonyl, C,^ alkoxy-carbonyl, C6.^4 aryl^arbonyl. Cj,^^ aralkyl-carbonyl, Ce.^4 aryloxy carbonyl, 
Cj.^Q aralkyloxyK^arbonyl, (5- or 6-membered heterocycle having, in addition to cartoon atoms, 1 to 3 heter- 
oatom(s) selected from nitrogen, sulfur and oxygen atoms)-carbonyl, mono-C,^alkyl-cari3amoyl, di-C^^ alkyl- 
carbamoyl, C6.14 aryl-cartDamoyI, (5- or 6-membered heterocycle having, in addition to carbon atoms. 1 to 3 
heteroatom(s) selected from nitrogen, sulfur and oxygen atoms)-carbamoyl, C^^ alkyl-thiocarbonyl, C^q cy- 
cloalkyl-thiocarbonyl . C^^ alkoxy-thiocarbonyl, Gg-u aryl-thiocarbonyl, Cj.^^ aralkyl-thiocarbonyl. C^.^^ ary- 
loxy-thiocarbonyl. Cj.^q aralkyloxy-thiocari3onyl. (5- or 6Hnembered heterocycle having, in addition to cariaon 
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T^lr ?.„ . 1 r^'^ ^"""^ ^"'^ ^'^a^" atoms)-thiocart>onyl, thioca*amoyl 

ZZ^'t *-Ci-6 alkyl-thiocarbamoyl. C^.,, aryl-thiocarbamoyl. (5- or 6-n,embered het ' 

e ocyde having, ,n addit.on to carbon atoms, 1 to 3 heteroatom(s) selected from nitrogen, sulfur and oxygen 
atoms)-th,ocarbamoyl. niono-C,^ alkylsulfamoyl. di-C,^ alkybulfamoyl. C^,, aarlsulLoyl. C,^ al^o- 
, ny Ce.,, arylsulfonyl. C,.^ alkylsulfinyl. arylsulfinyl. sulflno. sulfo, C.^'^lLxysulfinyl. C^. JtyloSm- 
, nyl.C,^alkoxysulfonylandC^,,ao^loxysulfonyl, Which rr^yhaveltoSsubs^^^ 
uent Group B descnbed above, or, 

(vi) a nrtrogen atom having a 5- to 14-membered heterocyclic group containing 1 to 4 heteroatom(s) selected 
from nrtrogen sutfur and oxygen atoms in addition to carbon atoms which may contain 1 to 5 substituent(s) 
selected from Substituent Group B described above; ouu5>iiiuenn5; 

Zis^(i)^a group representedby^Fennate: -©Za^ 
(Z^ is <1> a hydrogen atom, 

<3> an acyl group selected from fomiyl, cartooxy, carbamoyl, C,^ alkyln^rtDonyl. C3, cycloalkyl^rbonyl C,^ 
c^ZZT. r "^-'^ aryloxy^amonVl. C^.e aralky^xysZnyl g 

ZV^T^ heterocycle having, .n addition tocarbon atoms. 1 to 3 heteroatom(s)sel^tedfrom nitrogen, sulfur 
lZ^ZflTr^'"^T- '""""''^-^ alkyl-cart,amoyl. di^,^ alkyi carbamoyl, Ce.,, aryln^rbamo^, (5- or 
L7oxSr„ icirlL'T^-;" ' ^ ^-'^^^-^<-n(s) selected from nitrogen sulfur 

and «»<«^s)K«rbamoyl. C,^ allcyl-thiocart,onyl, cycloalkyl-thiocarbonyl. C,^ alkoxy-thiocak,onyl 

?!;J^m^S^°"'':.^:" aralkyl-thiocarbonyl. aryIoxy-thiocart>onyl, C,.,^ aralkyloxy-thiocartoonyl. (5- o 
6-membered heterocyde having, m addition to ca*on atoms. 1 to 3 heteroatom(s) selected from nitrogen sulfur 

SI Z, r ^ ' ^ Z '^T"^'^ heterocycle having, in addition to carbon atoms. 1 to 3 heteroatom s) 

°«y9en atomsHhtocarbamoyI, mono-C,^ alkylsulfamoyl, dl-C,.6 alkylsulfamoyl, 
Jko'xvslnTr' ' 7 ^e-u aortsulfonyl. C,, alkyteulfinyl, C,,, aryteulfinyl, sulfino^sulfo. c'^ 

uSSl^t'' a^loxj^ulfinyl: C,^ alkoxysulfonyl and C^,^ aryloxysulfonyl. which may have 1 to 5 subs^l 
uent(s) selected from Substituent Group A described above) or (ii) a halogen atom group. 

Tl"^'"^ *° ^^"^ °' ^""^ is (1 ) a C,^ alkyI gmup which may be sub- 

stituted by <1> a halogen atom. <2> a hydroxy group which may be substituted by a substituent selected from a 

bJ1 T^ir '^ S^:^^ t ?'-^ ^,.,6 aralkyl. <3> an amino group which may be substituted 

clLZl ^fr, ?h^; '1 ^"^y ^'^ ^^i* aryl^arbonyl. <4> a 4- to 10-membered heterocyclic group 

Tth n r« K f ^~^^=> fr"-" "*t^«>9^. omen and sulfur atoms in addition to carbon atoms <5> 

gr'p 0^; (2^T:rxy"^r ^ - ^ ^^-^ 

lun t^ Tfr ^1, V^'^°'^ 9~"P- a hydroxy group. (4) an amino group, (5) a mono-C,^ alkylamino 

fsTS^dJom'nitfl?^^^^ ''-^^^^'^ ^-^--y* group containing 1 to S-'heteroatom 

{s) selected from nitrogen, sulfur and oxygen atoms in addition to carbon atoms which may have an oxo. (8) a 

carbamoyl.(l4)afomiylaminoand{15)aC,^alkyl-carboxamidolor(iii)aformylgroup 
RsJ te^ °P"°"^"y oxidized sulfur atom, -NH- or -N(methyO-, 

when X» is a bond, then (i) a C,^ alkyl group or (ii) a halogen atom, 

from m T ^" ^"^^Z ^ ^'-^ f**^'" 9~"P -"^y have a substituent selected 

I /T^^" hydroxy group, (3) an amino group. (4)acarboxy. (5) acart,amoyl. (6)a C, . alkoxy- 

^ZlSnt.ou:Sl W « '^'-Ci-e a'M-carbamoyI, (9) a 4- to 10-mem'birid hettrocyl 

graupcontBinmgl^^ 

{..) a Cg^ cyctoalky group, (,„) a C,.,^ aralkyl group, (W) a C,^ alkylK;a*onyl group, (v) a C« ,^ aryl-carbonv 
group, (v.) a C,^ alkoxy^rbonyl group, (vii) a mono- ordi-C^^ alkyl-thiocaJblo; group, (vi i^an oX2 

a ""^^^ *° f*'^ heterocyclic group may have 

group!^^" '''' ^ """"""^"^ ^ ""'-^ ^"^ 9~"P °^ « "^'"Ci-e alkyl^rbamoyl 
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when Xa is -NH- or -N(methyl)-. then (i) a C^_q alkyi group [this alkyi group may have a C^^ alkoxy- 
carbonyl], (ii) formyi. (lii) a C^^ alkyl-cartonyl group, (iv) a C^^ alkoxy-carbonyl group, (v) a carbamoyl group, (vi) 
a mono- or di-C^.^ aIkyl<arbamoyl group or (vli) a C,^ alkyl-sulfonyl group. 

each of R^a, R^a R8a and RSa is a hydrogen atom or C^^ alkyi group. 

Z is (i) a hydroxy group which may be substituted by a C^^ alkyl-carbonyl or (ii) a halogen atom. 



62. A use of the compound according to Claim 59 or a salt thereof for producing the compound according to Claim 2 
or a salt thereof. 
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